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IMPORTANT NOTICE 


Texas Instruments (Tl) reserves the right to make changes to or to 
discontinue any semiconductor product or service identified in this 
publication without notice. Tl advises its customers to obtain the latest 
version of the relevant information to verify, before placing orders, 
that the information being relied upon is current. 


Tl warrants performance of its semiconductor products to current 
specifications in accordance with Tl’s standard warranty. Testing and 
other quality control techniques are utilized to the extent Tl deems 
necessary to support this warranty. Unless mandated by government 
requirements, specific testing of all parameters of each device is not 
necessarily performed. 


Tl assumes no liability for Tl applications assistance, customer product 
design, software performance, or infringement of patents or services 
described herein. Nor does Tl warrant or represent that any license, 
either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or 
relating to any combination, machine, or process in which such 
semiconductor products or services might be or are used. 


Information contained in this data book supersedes all data for this 
technology published by TI in the United States of America before 
January 1989. 


Copyright © 1989, Texas Instruments Incorporated 


INTRODUCTION 


Texas Instruments offers an extensive line of industry-standard integrated circuits designed for applications to sense, 
amplify, and condition analog or digital signals. 


The technologies represented by the amplifiers, comparators, and many special functions in this book include 
traditional bipolar through BIDFET, BIFET, IMPACT™, LinCMOS™, and Advanced LinCMOS™ processes. The 
IMPACT™ oxide-isolated technology provides the linear families with improved speed and power characteristics. 
LinCMOS™ and Advanced LinCMOS™ technologies feature a step-function improvement in impedance, speed, power 
requirements, and threshold stability. 


This data book (Volume 1 of 3) provides information on the following types of products: 


Operational Amplifiers 

Video Amplifiers 

Voltage Comparators 

Timers 

Disk Drive Circuits for Control, Reading, or Writing 
Hall-Effect Circuits 

Current Mirrors 

Sonar Functions 

Sound Generators 


These products cover the dynamic development of Linear circuits from the classical voltage converter to low-noise 
quad operational amplifiers. New surface-mount packages (8 to 28 leads) include both ceramic and plastic chip- 
carriers, and the small-outline (D) plastic packages that optimize board density with minimum impact on power- 
dissipation capability. Test equipment with handlers and automated assembly strengthen the production capabilities to 
provide an improved-cost-performance ratio. Tl continues to enhance the quality and reliability of integrated circuits by 
improving materials, processes, test methods, and test equipment. In addition, specifications and programs are 
continuously updated. Quality and performance are monitored throughout all phases of manufacturing. 


The alphanumeric listing in this data book includes all devices in Volumes 1, 2, and 3. Products in this data book are 
shown in bold type. The alphanumeric index provides a method of quickly locating the correct device type in this data 
book. The selection guide includes a functional description of each device that provides key parameter information and 
packaging types. Ordering information and mechanical data are in the last section of the data.book. 


While this volume offers design and specification data for linear circuit components only, complete technical data for 
any Tl semiconductor product is available from your nearest TI Field Sales Office, local authorized TI distributor, or by 
writing directly to: 


Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P. O. Box 809066 

DALLAS, TEXAS 75380-9066 


We sincerely feel that the new 1989 Amplifiers and Comparators data book will be a significant addition to your library of 
technical literature from Texas Instruments. 


IMPACT, LinCMOS, and Advanced LinCMOS are trademarks of Texas Instruments Incorporated. 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


noncompensated, single 


military temperature range (Values specified for Ta = 25°C) 


SUPPLY 
Vio | ‘ie | Avo | B1 | SR 
VOLTAGE 
DESCRIPTION (mV) | (nA) |(V/mV)|(MHz) | (V/us)| TYPE 
| MIN | MAX |MAX| MIN | TYP | TYP 
ne Re |0.5 | LMI01A | FKJG.U.W | 2-13 | 


High Perf me i t, 
ig erformance, Low Bias Curren : +20 LM108 L 
Bipolar 
High Perf , Low Bias C t, 
ig erformance, Low Bias Curren 3 +20 LM108A L 9-94 
Bipolar 


raspzief 6 [oz[ 4 [1 | 38] tos | vc [2057| 
[BIFET, General Purpose —=~=~“‘*‘sr SY tw] 6 [oz] 25 | 3 | 13 | TLoeom | va [2403 


General Purpose,Precision Input, Bipolar +9 +1 2-893. 
Typ 
General Purpose, Bipolar +9 +18 45 uA709M J,JG,U,W 


General Purpose, Bipolar 


industrial temperature range (Values specified for TA = 25°C) 


Vio | WB | Avo | B1 | § 
DESCRIPTION (mV) | (nA) [(V/mV) |(MHz) |(V/ys)| TYPE 
| MAX | MAX |MAX | MIN | TYP | TYP 
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[2 [7s | s0 [1 [os | imzoia | DuJGP 
ii ee ee ee 
6 f200[ so [3 [13 | nov | duce [2-387] 
6 [aol 2 [3 [13 | Toe | duce [2-403] 


commercial temperature range (Values specified for TA = 25°C) 


SUPPLY m ~ “ 
VOLTAGE pois Pe pakodee Feat 
DESCRIPTION ay (nA) |(V/mV) (MHz) |(V/us)| TYPE 
| MAX | MAX |MAX | MIN | TYP | TYP 


min 
76 [250 | 15 [1 [7.6 | imao1a | DduGP [213 | 
22 76 | 2 | 25 [1 [03 | mace | duGP [2-21 
[High Performance —~=S=~*~<“~st 2 ftw PO | 2 | BO | 1 [03 | LMs0en | DuGP [221 
zas[zte] 6 [oz] 4 [1 [3.6 | Thosoac | DvGP [2067 
[BIFET, Low Power ——~=S~S~w et | 9 [oz] 4 [1 | 36 | TLosoec | duGP 2-957, 
235218] 15 [oa] 3 [1 [3.6 | Tuos0c | dwGP [2967] 

23 Te fo2 [so | 3 | 13 | tovoac | ducP 2-387, 
[BIFET, LowNolse —=S=S~=~C~*~*~“~s | at | TO J.D | 25 | 3 | 1a | TLoV0C | DuGP 2-987, 
[BIFET, General Purpose —~=~S~w a | a 1@ | @ [o2 | so | 3 | 13 | Tuoaoac | DuGP [2403 


BIFET, Low Noise 5 


+3.5[+18 | 15 |04 | 25 | 3 | 13 | TLoBsoc | DJGP | 2-403 
[General Purpose, Bipolar | +9 | +18 | 7.5 [1500] 15 | 1 | 03 | vA709C | DJGP | 2-833 | 
General Purpose, Bipolar 1+2 [+18] 6 |500}] 20 | 1 [05 | ua74sc | 0JGP [2-851 


TEXAS 4 < 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 


military temperature range (Values specified for Ta = 25°C) 


SUPPLY 
VOLTAGE Vio | le | Avp | B1 SR 
DESCRIPTION (mV) | (mA) | (V/mV)| (MHz) | (V/us) TYPE 
MAX | MAX| MIN | TYP | TYP 


High Performance 
a Re A RS 


Tos | imio7 | JGuw [217 
ro.25[uri0o1am[ wt [2-63 | 
Pirioom | vet [2-63 | 


LT1007AM JG,L 
LT1007M JG,P 
LT1012M L 

LT1028AM JG,L,P 
LT1028M JG,L,P 


: Sisk 
NI] NM 
N1O 


Precision 

Low Noise, High Speed, Precision Input 
Low Noise, High Speed, Precision Input 
Ultra Precision 


Aaa: 

an ol 
HIiHIHIH 
—|N TNO] MD] MD 
O)/ON)| Nh 


+ 
he: 
) 


H lH 
PIN! 
a] an 


Low Noise, High Performance 
Low Noise, High Performance 
Low Noise, High Speed, 
Noncompensated, Ay, = 5 
Low Noise, High Speed, 
Noncompensated, Ayy = 5 
Chopper-Stabilized 

Low Noise, High Speed 

Low Noise, High Speed 

Low Noise, High Speed 
Noncompensated, Ay, = 5 
Low Noise, High Speed, 
Noncompensated, Ay, = 5 
Low Noise, High Performance 


-127 
-127 


H 
aS 
o 
H 
~) 
°o 
oO 


UOI}EUOjU] Je1BUdy 


H 
nN 
Nh 


LT1037AM JG,L 2-83 


LT1037M JG,L 


H+ 
H- 
co 


LTC1052M J,JG,L 
OP-27A JG,L 
OP-27C JG,L 


17 OP-37A JG,L 
17 OP-37C JG,L 


FK,JG 
FK,JG 
TLO31AM FK,JG,L 
TLO31M FK,JG,L 
TLO51AM FK,JG,L 
TLO51M FK,JG,L - 
TLO61M FK,JG,U 
5 TLO66M FK,JG - 
TLO71M FK,JG 
TLO81M FK,JG 


TLO88M JG,U 


TLC271M FK,JG 2- 


H | H+ 
wi ¢ 
o 
H | H 
NI] 
nN 


N 
Nn 


4 


H+ H+ 

aa > |: 
H+ 

Nh 

LS) 


Oo ~ 
(o) 


H 
w 
ER 
NTN 
NTN 


Low Noise, High Performance 
BIFET, Low Power, Precision 
BIFET, Low-Power, Precision 
BIFET, Precision 

BIFET, Precision 

BIFET, Low Power 

BIFET, Adjustable, Low-Power 
BIFET, Low Noise 

BIFET, General Purpose 
BIFET, Low Vio 


H- ie rv 
erate 
ol 


H | H | 

1 

ol 
SAR RAS A 


H 1H IH 
ii — 
foo ee) 


wo} oo 
ao; o 


HIiHIHIH IH 


Fi 
— 
NO 
ol 
~ 


—* 
No 
H- 
—_ 


Ww 


N 
Oo} 0 
NSN} QIN 


H#iH ITH 
onion 


—_= ~ ~ 
>} 3/2 ro) ° 
8 8/2 ro) ro) 
ro) vo) ro) 


H 
a 
o 
4 
< 
A) 


LinCMOS, Programmable, Low Bias 


© 


LinCMOS, Programmable, Medium Bias TLC271M FK,JG 2-479 


LinCMOS, Programmable, High Bias TLC271M FK,JG 2-479 


LinCMOS, Low Noise, Precision 2.7 | TLC2201AM| D,FK,JG,L,P | 2-763 


9;9] © ° 
= = oO;1oO! Oo [e) 
fo) ° NLO] ® f°?) 
aia; © oO 
ies) 
(o) 
(o) 
oak NO 
oO oO o 


a Texas W 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 


military temperature range (Values specified for Ta = 25°C) 


IT} Avp SR 
DESCRIPTION (nA) | (V/mV) (V/ys) TYPE 
MAX] MIN TYP 


LinCMOS, Low Noise, Precision, 100% Typ 
. 2.7 | TLC2201BM | D,FK,JG,L,P | 2-763 
Noise Tested 

TLC2201M | D,FK,JG,L,P | 2-763 


1 


SUPPLY 
VOLTAGE 


By 
(MHz) 


a) 


LinCMOS, Low Noise, Precision 
D,FK,J,JG, 
TLC2652AM -7 


LinCMOS, Precision, Chopper Stablilized ae] 16 | 28 : ets 
LinCMOS, Precision Chopper Stabilized p38] 16 | 28 TLC2652M reer 2-789 
TLC2654AM D,FK,J,JG, 
L,N,P 


Chopper Stabilized 
LinCMOS, Low Noise, Precision, 
Chopper Stabilized 


General Information 


LinCMOS, Low Noise, Precision, zai 
D,FK,J,JG, 
TLC2654M 
Bree | 
TLE2021M | D,FK,JG,L,P | 5-9 | 


uA741M FK,J,JG,U | 2-837 


oO 
9 bey 
4 ne] 


TEXAS 4 aca 
INSTRUMENTS 


POST OFFICE BOX 655012 « DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 


1 


automotive temperature range (Values specified for Ta = 25°C) 
SUPPLY 
VOLTAGE 


Vio | ‘ep | Avo | 81 SR PAGE 
Vv) (mV) | (nA) | (V/mV)] (MHz) | (V/us) TYPE PACKAGES st 
MAX | MAX| MIN | TYP | TYP 
D,J,JG, 
s[-n[ 2 [sf [: [os] wan 


6 | +20] 4 | 250| 50 | 15 | 70 | M218 | DJGP_ {2-51 
| +8 | 0.005 | 0.03 | 1000 | | 4 | LTC1052C | JJG.LNP 15-5 | 


DESCRIPTION 


High Performance 


High Performance 
Chopper-Stabilized 


H- 


A 
— 


=s 
O}o 


H+ 


UOI}EWUOJU] JeEsVUaH 


Chopper-Stabilized +1.9] +8 | 0.005] 0.03] 1000 | BSG oe eee a 
Low Noise, High Speed | +3.5] +22]|0.025| 40 | 1000] 8 | 2.8 | oP-27E | JGLP | 2-161) 
Low Noise, High Speed [+3.5| +22] 0.1 | 80 | 700 | 8 | 2.8] OP-27G | JGLP | 2-151) 
Low Noise, High Speed 

Low Noise, High Speed, 

+18| 08 | 02] 5 | 1.1] 29] TLO3IAl_ | DJGLP_ |2-191 | 
|BIFET, Low Power, Precision Ss | +3.5| +18] 1.5 | 0.2 | 5 | 1.1 | 2.9 | TLOSII | D,JGLP [2-191 | 
|BIFET, Precision == Cd $3.5] +18] 0.8 | 0.2] 50 | 3.1 | 20 | TLOSIAI | DJGLP | 2-273, 
[BIFET, (Precision) too | 8.5] £18] 1.6 | 0.2 | 60 | 3.1 | 20] TLO6i) | DUGLP 2-273) 


BIFET, Low Power po.2{ 4 | 1 | 35] TLO61 | DJGP | 2-357, 
BIFET, Adjustable, Low Power p02] 4 {| 1 | 35] Toes | DJGP_ | 2-373 
[BIFET, Low Noise i 3.5] +18] 6 | OZ] 50 | 3 | 13 | TLO7II | OJGP [2-387 | 
[BIFET, General Purpose dT #3.5] +18] 6 | 0.2] 50 | 3 | 13 | TLoBil | DJGP_ 12-403, 
[BIFET, Low Offset Voltage | + 3.5] +18] 0.5 | 0.2 | 50 | 3 | 13 | TLOB7I | DVJGP_ | 2-417. 
[BIFET, Low Offset Voltage | +35] +18] 1 | 0.2] 50 | 3 | 13 | TLossi_ | DJGP_ |2-417_ 


sco remem over | + | | [exp so [ari[ooe] neem | eoae [eae 
ewes re weno | «| ve] + [ose = [oer] ase] meen | evar [eae 
ewes rem nom | «| we | » fost vo [ae | +e | meer] eome [ae 
ewan meee oven | «| vo] * [ott so [arr] ooe] meme | eoar [eae 
ewes rwemnaie weamom | + | | # iB] a [ose] ose] neane | oser [ewe 
newer nom [+ | ve | a (ott wo [ae 

ae 

ae 

Ba 

fae 


- 
LinCMOS, Programmable, Low Bias 18 | 10 | i ye} 50 | 0.11] 0.04 ear ee BS 
Typ 
TLC2711 DJG.P | 2-47 
pe] 1 | red 28 [084] 056] nica | ower | 2479 
ia TLC2711 D,JG,P | 2-479 
0.007 
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INSTRUMENTS 


POST OFFICE BOX 655012 « DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 


automotive temperature range (Values specified for Ta = 25°C) 


SUPPLY 
vottace | “iO | "8 | Avo! 81 | SR 
DESCRIPTION ieee aie (mV) | (nA) | (V/mvV)] (MHz) | (V/us) PACKAGES 
MAX | MAX] MIN | TYP | TYP 


1 


c 
a. 
. : mae hed 
LinCMOS, Low Noise Precision, 100% sepa ea pes me 2.7 | TLC2201BI DJG.LP |2- 2-763 | ws 
Noise Tested 0.001 = 
0.001 2) 
: a. o Typ bs sae 
LinCMOS, Precision, Chopper Stabilized TLC2652Al | D,J,JG,L,N,P} 2-789 “od 
0.004 awees 
LinCMOS, Precision, Chopper Stabilized | 3.8| 16 |0.003| AD | 1000] 1.9 | 28 | TLC2652! | D,J,JG,L,N,P} 2-789 v..| 
: dows 
LinCMOS, Low Noise, Precision, He o 
eho etl we [ va | = | new fosscunrtnn| § 

Excalibur, High-Speed, Precision | 2 | 0.9 | TLE2021 |D,FK,JG.L,P|5-9 | 

INSTA wo 11 
NSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 
industrial temperature range (Values specified for Ta = 25°C) 


SUPPLY 
vortace | VIO | jie | Avo | B1 | SR 
DESCRIPTION Wh (mV) | (nA) |(V/mV)| (MHz)| (V/us)| = TYPE 
| MIN | MAX | MAX | MAX] MIN | TYP | TYP 


[Chopper-Stabilized iT 1.9] +8 | 0.005] 0.03 | 1000] 1.2 | 4 | LTCI052C | JJGLN,P [5-5 | 
Chopper-Stabilized +1.9| +8 |0.005|0.03| 1000] 1.2 | 4 | LTc7652c | Lt  |5-5 | 
Low Noise, High Speed 3.5| +22]0.025| 40 [1000] 8 | 28] OP-27E | JGLP  |2-151| 
Low Noise, High Speed 7 | OP-27G | JGL,P | 2-151) 


Low Noise, High Speed, Bipolar, 
Noncompensated, Ay, = 5 P-37E JG,L,P 
OP-37G JG,L,P 2-151 


1 


H | 
WwW 
o1 
Aa 
NO 
No 


2) 
io) 


A 


Low Noise, High Speed, Bipolar, 
Noncompensated, Ay, = 5 


™~ 


H+ + 
f ” Ei 
Ele : 

Nh iL) 
CO} NH LS) 


UOIJEULOJU Je1BUBH 


TLC271Al D,JG,P 2-479 


| 80 | 

|BIFET, Low Power, Precision S| + 3.5] +1 Ree TLO31Al_| D,JG,L,P_| 2-191 | 
KO.2- TLO311_| DJGL,P | 2-191 | 
Pry TLO5S1Al 
0.2 3] TLO511 
| 9.2 |} TLO61I 
Sa TLO66! 
TLO71I 
Es TLO81! | DJG,P__| 2-403 | 
+18 | 02 | TLO87I 
+3.5] +18 | 0.2] TLO88I 
Single LM324, 5c SS | scp |2aar 
High Performance D/S +1.5] +15 ~ 150 TL3211 JG,P 


LinCMOS, Programmable, Low Bias 


LinCMOS, Programmable, Medium Bias TLC271AI D,JG,P 2-479 


4 


LinCMOS, Programmable, High Bias LC271Al D,JG,P 2-479 


=| 


LinCMOS, Programmable, Low Bias LC271BI D,JG,P 2-479 


O° 10°16 
—,) otlotlo2 
CODvjCOvlODdliCOns 
i id ae 


LinCMOS, Programmable, Medium Bias TLC271BI D,JG,P 2-479 


LinCMOS, Programmable, High Bias TLC271BI D,JG,P 2-479 


+ 


LinCMOS, Programmable, Low Bias LC2711 D,JG,P 2-479 


= 
© 


LinCMOS, Programmable, Medium Bias LC2711 D,JG,P 2-47 


LinCMOS, Programmable, High Bias TLC2711 D,JG,P 2-479 


= ai 
~ 


fo) (o) (o) (o) 
otloslozlo zi 
OvliOvliodljConsu 
~ ~“ ~ “I 


+ 
< 
ao] 


LinCMOS, Precision, Low Noise 2.7 | TLC2201AI D,JG,L,P 2-763 


LinCMOS, Precision, Low Noise, 100% 
Noise Tested 


LinCMOS, Precision, Low Noise 


° 
° 
re) 
—_ 


2.7 | TLC2201BI D,JG,L,P 


Nn 
~ 
o 
i¢) 


2.7 | TLC22011 D,JG,L,P | 2- 


~ 
o) 
Ww 


TLC2652AI | D,J,JG,L,N,P| 2-789 


D,J,JG, 
L,N,P 
D,J,JG, 
L,N,P 
D,J,JG, 
L,N,P 
D,FK,JG,L,P 


LinCMOS, Precision, Chopper Stabililzed 


ie) 
, 52 of 
ODdlOvdlOnsn 
L ond pars 


= 
< 
Ao) 


LinCMOS, Precision, Chopper Stabilized TLC26521 2-789 


°o 
oO 
io) 
B 


LinCMOS, Low-Noise, Precision, 
Chopper Stabilized 
LinCMOS, Low-Noise, Precision, 
Chopper Stabilized 
Excalibur, High-Speed, Precision 


TLC2654Al 


TLC26541 
TLE20211 


52 

ons 

~~ 
~ 
oO 


paling ae. 
HS|KS 
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INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 - 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 


commercial temperature range (Values specified for Ta = 25°C) 


SUPPLY 
vortace | “lO | 8 | Avo | 81 | SR 
DESCRIPTION at (mV) | (nA) | (V/mV)] (MHz) | (V/us)| TYPE 
max| min | typ | TYP 


sia[ 10 [02] 25 | 3 | 13 | 1rasi | osap [a6 
BIFET £35] 218) aie | dup 29 _| 


High Performance 7:5 


High Performance 


1 


LT1001AC JG,L,P 


LT1001C JG,L,P 
1.7 | LT1007AC JG,P 


General Information 


Low Noise, High Performance 
Low Noise, High Performance 


Low Noise, High Speed, 
Noncompensated, Ay, = 5 
Low Noise, High Speed, 
Noncompensated, Ay, = 5 
Low Noise, High Performance 


Texas W soe 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 


commercial temperature range (Values specified for Ta = 25°C) 


1 


LinCMOS, Programmable, Low Bias TLC251AC D,JG,P 
TLC251AC | D,JG.P 
2. TLC251AC | _D,JG.P 
> ee TLC251BC | D,JG,P 
0.001 
Typ 0.7 TLC251BC | D,JG,P 
0.001 


Typ 
TLC251BC D,JG,P 
2 Jove, 2 | 28] 48] tozsrec | ocr [24s 


LinCMOS, Programmable, Medium Bias 


SUPPLY 
vottace | “tO | 'B | Avo | 81 SR 
@) DESCRIPTION aH (mV) | (nA) | (V/mV)| (MHz) | (V/us)| = TYPE 
Be | MIN | MAX | MAX | MAX] MIN | TYP | TYP 
© [BIFET, Low Power, Precision _——*+[#3.8| 218[ 08 | 02] 5 | 11 | 29] TLOSIAC [DFKIGLP|2191 
© [BIFET, Low Power, Precision __—*([ 23.6 218] 18 | 02] 6 | 11 | 29 | TLOSIC |D.FKJGLP|2191| 
== |BIFET, Precision = sd + 3-5] #18] 0.8 | 0.2 | 50 | 3.1 | 20 | TLOSIAC | D,FK,JGLP | 2-273 | 
S [BIFET, Precision ————=«di #35] 218] 15 | 02] 50 | 31 | 20] TLOsIC |DFKJGLP|2273 
© |BIFET LowPowe —~——=S~S=«d 5] eta] 6 [o2| 4 | 1 | 35 | TLoeIAC | OJGP [2357 
5 [BrettowPower fe as[ sta[ 3s [o2[ 4 [1 [ss | nosrec [ocr [2357 
S| BIFET.Low Power sd 3.5] 18] 15 | 0.2] 3 | 1 | 35] TLoBIC | DVGP |2-357| 
et, |BIFET, Adjustable, Low-Power | +t.2f 21a] 6 |o2| 4 | 1 | 36| TLoseac | DNGP [2-973 
© [BIFET, Adjustable, Low-Power | +1.2/ +18] 3 | 0.2 | 4 | 1 | 3.5] TLO66BC | DJGP [2-373 
= z1.2| 218] 15 | o4] 3 | 1 | 3.5] TLO66C 
=3.5| +18| 6 | 02] 60 | 3 | 13 | TLo71Ac | bvGP |2.387| 
=3.5| 218[ 3 | o2[ 80 | 3 | 13 | TLo71BC 
+3.5| +18| 10 | 02] 25 | 3 | 13 | TLo7IC | DJGP_ [2-387 | 
[BIFET, General Purpose ——=~=~S~=«idz 3.6] 218] 6 | 0.2] 60 | 3 | 13 | TLOBIAC | DAGP |2-403) 
|BIFET, General Purpose | #3.5| +18] 3 | 0.2] 50 | 3 | 13 | TLOBIBC | DJGP | 2-403) 
[BIFET, General Purpose ———=Ss=~S=«dt 3.6] 18 18 | 0.4 | 25 | 3 | 13 | TLoBic | DWGP |2-403) 
BIFET, Low Vio _——SsSst=~=~‘“‘;*~*sr SY CT C'S | OZ] 80 | 3 | 13 | TLOBTC 
a5] +18} 1 |o2| so | 3 | 13 | tosec | DJGLP [2-417 
2 |-2%9] 2 [oe | os] rane | Jor | 
Performance 
| | 2 | 004 : 
_® | 07 | 00) | 
te | 28] 4) : 


(@) (e) 
i 
oslo 
S3IS5s 
—_ =a 


Ua TLC251C | D,JG,P 
0.001 
LinCMOS, Programmable, Medium Bias 


‘yp 0.7 TLC251C | D,JG,P 
0.001 
' Typ 
LinCMOS, Programmable, High Bias 0.001 TLC251C D,JG,P 
3 
LinCMOS, Programmable, Low Bias ie 0 ve } 60 | 0.11] 0.04 TLC271AC D,JG,P 2-479 
T 
LinCMOS, Programmable, Medium Bias Pate es 0 hee } 25 | 0.64] 0.58] TLC271AC D,JG,P 2-479 
; Typ 
LinCMOS, Programmable, High Bias 0.007 TLC271AC D,JG,P 2-479 


valk 
© 


1-14 TEXAS 4 
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POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


e 


internally compensated, single 


commercial temperature range (Values specified for Ta = 25°C 1 


SUPPLY 


votace | “lO | iB | Avo | B1 | SR 
DESCRIPTION (mV) | (nA) | (V/mV)! (MHz) | (V/ys) TYPE = 
[MIN | MAX | MAX | MAX| MIN | TYP | TYP = 
T 
LinCMOS, Programmable, Low Bias pa | te] 2 [88 } 60 for] oo4 ric2718c | vuee |2470| £ 
0.007 5 
T 
LinCMOS, Programmable, Medium Bias Pe Re ve | 28 | 0.64 | 0.56] ric2718c | pwr |2479| 
0.007 = 
I BL. Typ “he 
LinCMOS, Programmable, High Bias TLC271BC D,JG,P 2-479 Saal 
Lincios, rowanmabe,rih eae | 3 | 18 | 2 |e] 10 | 22 | 46 | ocr fears] 
inCMOS, P Bi Typ st) 
LinCMOS, Programmable, Low Bias 0.007 TLC271C D,JG,P 2-479 = 
= o 
LinCMOS, Programmable, Medium Bias pa | 1] 10 |e] 25 jose] ose TLc271¢ | DJGP |2479| ¢9 
T 
LinCMOS, Programmable, High Bias y os | 18 | 10 0 re | 10 | 22 | 46 TLC271C D,JG,P 2-479 
T 
LinCMOS, Precision, Low Noise p48] 16 | 02 5 a } 400 | 1.9 | 27, TLC2201AC| D,JG,L,P | 2-763 
LinCMOS, Precision, Low Noise, 100% Typ 
2.7 | TLC2201BC DJGALP 2-763 
T 
LinCMOS, Precision, Low Noise 46] 16 | os |W } 400 | 1.9 2.7} TLC2201¢ | DJG,L,P | 2-763 
T 
LinCMOS, Precision, Chopper Stabilized 38 | 16 0.001 |,1¥2,) se00] 1.9 | 28 TLC2652AC | D,J,JG,L.N,P| 2-789 
iE 
LinCMOS, Precision, Chopper Stabilized a8] 16 |o.003 0 ae 1000 Re TLC2652C | D,J,JG,L,N,P] 2-789 
LinCMOS, sca niga Precision, Typ 2 TLC2654AC | D.J,JG.L.N.P 
Chopper Stabilized 0.05 
LinCMOS, Low-Noise, Precision, Typ 9 tLc2654c |D,J,JG,L.N,P} 2-811 
Chopper Stabilized 0.05 
Excalibur, High-Speed, Precision | 4 | 40 | 0.5 | 25 | 1000} 2 | 0.9 | TLE2021C |D,FK,JG,L,P|5-9 | 
General Purpose zie] 6 [500] 20] 1 | 08, DJGP [2837 


TEXAS 4 1-15 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, dual 


7 military temperature range (Values specified for Ta = 25°C) 


SUPPLY 
vortace | “lO | '!B | Avo 
DESCRIPTION (mv) | (nA) | (V/mv) 
MAX | MAX| MIN 


re : 
| 50 


ro7 | 0. 


TLO32AM 


TLO32M 


TLO52AM FK,JG,L 


TLO52M FK,JG,L 


4 TLO62M FK,JG,U 


TLO72M FK,JG 


2 
a 


ted dee fay 
nial PTs is, 


H#HiHIHITH 
W} GW] 

oa;o;o, o 
H 

pes (pee 

lool meek mee) 


High Gain, Low Power, Bipolar 


i 


H- 
ae 
o 


NO 
No 
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| OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, dual 


automotive temperature range (Values specified for TA = 25°C) 


SUPPLY F A 
VOLTAGE VD 1 0"3 
DESCRIPTION a nd (V/mV)| (MHz) fee TYPE 
| MIN | MAX | MAX| MIN | TYP | TYP 
res] 3 [20 
3; Spee aeieie tect | D/S| | 5 |-r80 | 50 | 06 | 02 pee ete 243 | 
TE 
[ssf 3 [30 
eee ee =| 2 |-20 2 | os | 02 en | eae 
IE 
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General Information 


a ono 
High Performance =s00]_20 | 3 | 17] avassa | 0uGP [2177 
BIFET, Low Power, Precision +18 roots Pit} 2e] tos | baci 22191 
BIFET, Low Power, Precision 0.2] 5 | 11] 29] TLO32I | DJGLP |2-219 | 
BIFET, Precision sief os [o2] 60 | 3 | 16] Tisza | 0.1L ]2-209 
BIFET, Precision pee a2 eee 
BIFET, Low Power ro2] 4 | 1 | 38] tuoe2 | dJGP [2957 
BIFET, Low Noise ro2] so | 3 | 13] mo721 | 0JGP [2387 
BIFET, General Purpose ro2{ so | 3 | 13] moe | pwGP [2-403 
BIFET, General Purpose Oe 
BIFET, General Purpose ro2] so | 3 | 13] i267 | duGP [2417 
BIFET, General Purpose 0.2] 50 | 3 | 13 | TL2s8i | DJGP  |2-417| 
Low Power +1,5] +18 soo] 20 | 1 | 06] Tusa | DwGP [2-445 
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POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS | 
SELECTION GUIDE 


internally compensated, dual 


industrial temperature range (Values specified for TA = 25°C 


SUPPLY 
vortace | “0 | |B | Avd | B1 | SR 
@) DESCRIPTION as (mV) | (nA) | (V/mvV)] (MHz)| (V/us)| TYPE =| PACKAGES 
| | MIN | MAX | MAX | MAX| MIN | TYP | TYP 
© [BireT, Low Power Precision ——+if#a.s| ie} oe | 02] 5 [11 | 29] Tosa | DJGLP [2210] 
© [BIFET. Low Power, Precision ___-[+a.8| aie@[ 1.5] 02] 6 [11] 29| mos | DwGLP [2-219 
— [BIFET, Precision _——~—~S*~id SP zt] 08 | 0.2] so | 3 | 16] Tos2nl | DdGLP |2.200| 
S [airet, Precision —————~S~S~=~— eB] zt’ 1.8 | 02] so | 3 | 16] rosa | DucLP [2200 
O° [BIrET. tow Power -——~S=~=~<~s | zt] | | 4 | 1 | 38] 08 | puap [2087 
S [Bret lowNose Sida ate 6 [oz] so | 3 [| nora | ovr |2se7 
S [BirET, General Purpose ——=S~*~‘“r | z@] © | 02] so | a | 19] Tuoea | duc [2403 
ft, [BIFET, General Purpose —~—=S*~=<“~*é‘idt S| zB] 6 | 02] so | 3 | 13] moss | DucP [2403 
fe 23.5] 218[ 08 |o2] so] 3 [13] Tze | duce [2417 
= 23.6] 218] 1 [02] 50 | 3 | 13] tizse | dvGP [2417 
z18| 21@{ 8 |-s00[ 20 | 1 | 06] mis2 | duar | 
jemewmem de [ws fl [as [oe [nen or 
' phi Typ 
fen + | w | fal © [| so meme | mr [ooo 
re [e ftad « [ea[ ee seme [oe 


= 
LinCMOS, Low Bias Fa fe] 5 ae | 60 | 01 | 005 TLC27L2A1 | D,JG.P 
T 
vP TLC27L2BI | D,JG,P 
0.005 
LinCMOS, Low Bias =e TLC27L2I D.JG.P |2-607 
0.005 
: : Typ 
LinCMOS, Low Bias 4 0.1 TLC27L71 D.JG,P | 2-607 
0.005 
T 
LinCMOS, Medium Bias ps “ abi | 25 [os | 06 TLC27M2AI| D,JG,P 
: ; : Typ 
LinCMS, Medliwn Blan a : | 2 [08 | 06 Tuc27M2e1-|  .pJep..}oe74 
T 
4 vP TLC27M21 | D,JG,P | 2-671 
005 
: : i Typ 
LinCMOS, Medium Bias 4 TLC27M71 | DJG.P | 2-671 
0.005 
; d pial Typ 
LinCMOS, Micro Power, Precision as 0.8 0.007 | 500 } 0.11 | 0.08 | TLC10781 D,JG.P 2-735 
0550 | | 1000} 2 | 0.9 | 


TLE20221 | D,JGL,P [5-9 | 


LinCMOS, High Bias pa 2543 
aan 2.2 TLC2771 D,JG,P 
0.005 
2-607 
2-607 
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Excalibur, High Speed, Precision 
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re INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, dual 


commercial temperature range (Values specified for Ta = 25°C) 


1 


ess es Vio | tp | Avo | B1 | SR 
VOLTAGE 
DESCRIPTION | nh (mV) | (nA) | (V/mV)| (MHz) | (V/us)} TYPE 
| MIN | MAX | MAX | MAX| MIN | TYP | TYP 
PBIFET, General Purpose ~~ 3.8] = 18] 10 | 0.2] 25 | 3 


prem ienrewrinw tcl 7 [ao [or [oo] umm [ovmnw [or 
spol = [= 
| 20 | 1500! 0.7 


|S Sa ae eae SE MTN ES | 
[Precision ——~S~=~<“~*~—‘—*~*~s et | 222] 0.3 | 30] 1200] 17 | OA 
Tor10130 


General! Information 


[Precision __————S~s | | 0B | 30 | 1200] 0.7 | 04 | LP [53 
[General Purpose ——~=S~S~s S| tw] 6 | GOO] 20 | 1 | 05] MCraS | DVGRU [2133 
z20| 4 | e00[ 25 | 10] 9 | Nesssz | Gp [21431 
flow Noise ——SC=~“‘~*~‘“~*~*“‘~*~‘~*~*~r CS | Oa | OO] 25 | 10 | 9 | NEOSOIA 
High Performance ——~—=~S~—~sC | tw |G | GOO] 20] 3 | 1.7] Acasse | DvGP [2177 
High Performance ———~S~S~sCi | zt] 6 | 260] 20 | 4 | 2 | Acasso | oP [271 
flow Power SSSCS*~=“C~*~*‘“‘~*~*é*~s CP tw] 8 | 280] 1 [OS] OS] ToC | DUGP [2187 
23.5] 218] 08 [02] 5 [1.1 | 29 | Tos2ac 
[BIFET. Low Power, Precision‘ +a.sf 218] 15 [02] 5 [1.1] 29] mhoszc 
23.5] 218] 15 [02] 60 | 3 | 16 | Tuoszac | DwGLP |2299 
+35] 218] 4 [02] 80 | 3 | 16] Toszc | dwGLr [2209 
235[ zie] 6 [o2] 4 [1 | 35] Toezac | vue |2367 
[BIFET, Low Power ——~=S=S=~<~s | zw] [| 4 | 1 | 35] Tuos2ec | Duce [2367 
: Pita st TLO62C P [235 
Te poz] so} 3 : 
Farpoz| et 3 P [23 
Tyo fo2] 25 | 3 | : 
Te [oz] so] 3 7 
3 ro2 [so | 3 | 
23) roa] 25 | 3 | ? 
[BIFET, General Purpose ——~S~«~di ro2[ so | 3 D.JG.N 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, dual 


commercial temperature range (Values specified for Ta = 25°C) 


Vio | tp | Avo | B1 SR 
(mV) | (nA) | (V/mV)| (MHz) | (V/us) 
MAX | MAX| MIN | TYP | TYP 


1 


TLC25L2C 


LinCMOS, Low Bias 


D,JG,P 


TLC25M2AC D,JG,P 


SUPPLY 

O DESCRIPTION re ea TYPE 
@ | MIN | MAX | 
. BIFET, General Purpose £5.81, 218 |) 16" 2 0.4 |) 28° |) 3 | TLO83C DJG.N__ | 2-403 | 
= | BIFET, General Purpose +18 ; Onn FE L287C D,JG,P | 2-417 
© | BIFET, General Purpose G2 L288C D,JG,P | 2-417 
at | — 500) ees L322C DJG,P__ | 2-445 | 

T 
=. LinCMOS, High Bias Zs 7 ake eae TLC252AC | __D,JG,P 2-461 
= 7 
3 | Lincmos, High Bias 1a 5 Re TLC252BC | D,JG,P 2-461 | 
® T 
| | LinCMOS, High Bias Ez 5 ak TLC252C | D,JG,P 
5 

= 
= | LinCMOS, Low Bias ie : oe jo. TLC25L2AC] D,JG,P 2-461 | 

LinCMOS, Low Bias a8 ae TLC25L2BC} D,JG,P | 2-461 


TLC25M2BC D,JG,P 


LinCMOS, Medium Bias 1.4 
LinCMOS, Medium Bias 
LinCMOS, High Bias 


LinCMOS, Medium Bias 


TLC25M2C D,JG,P 


TLC272AC D,JG,P 


TLC272BC D,JG,P 


LinCMOS, High Bias ae 
LinCMOS, High Bias ee 
LinCMOS, High Bias ge 


TLC272C D,JG,P 


TLC277C D,JG,P 


TLC27L2AC D,JG,P 2-607 


LinCMOS, Low Bias . 
LinCMOS, Low Bias 
LinCMOS, Low Bias 3 


TLC27L2BC D,JG,P 2-607 


TLC27L2C D,JG,P 2-607 


0.1 TLC27L7C D,JG,P 2-607 
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0 Blo Blo Alo Alo Blo Alo Alo Blo Flo Flo malo“ 
ODvplOvdlIiOsIOcIOscsIOcTDIOvIOsTIOscsI/OsTIOsTIO“’ 
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LinCMOS, Low Bias 


LinCMOS, Medium Bias ae 25 | 0.6 | TLC27M2AC| DJG,P_ | 2-671 
Typ TLC27M2BC| D,JG,P_ | 2-671 
0.005 


TLC27M2C 


D,JG,P 2-671 
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LC27M7C D,JG,P 2-671 
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re INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, quad 


military temperature range (Values specified for Ta = 25°C) 


1 


-575 


SUPPLY 
vortace | “!O | "18 | Avo | B1 | SR 

DESCRIPTION Wh (mV) | (nA) | (V/mV)| (MHz) | (V/ius)} TYPE 2 
| MIN | MAX | MAX | MAX| MIN | TYP | TYP es 
[General Purpose ———=—S~—S | 30 | 8-180] 50 0.6] 0.19 iMI2e | FRW [2s] © 
[General Purpose ——~S~C~S— a | | 8 | OO] GO| 1 LOS] MIS | KY [oso] & 
[QUAD A741, High Performance | 24] 222] 4 | 400] 60 [3.51.7] RMai30 | FKJW [2173] 0 
[BIFET. Low Power, Precision [23.5] 218] 1.5 |02[ 5 | 1.1] 29] TLOS4AM = 
[BIFET, Low Power, Precision [#35] x18] 4 [o2] 5 [1.1 = 
ow Power Sd | ee | 8 | 100) 92 | Oe TLoaam | FKJW 2269| 
[BIFET, Precision | #3.5] 18] 1.5 | 0.2] 50 | 2.7_ ® 
[BIFET. Precision ———~—S~ ef ete] a | 02] so | 27 ae 
TBIFET, Low Power —=*=~‘“*~*‘*d ag] ate] @ [oz] 4 [1 2367| © 
[BIFET, Low Nose ——~—~=S*~— S| TW] 9 | 02] 5 | 3 | 13 | TLovam o 

[BIFET, General Purpose —=~=S~*~dt S| tw] 9 | 02] 26 | 3 | 13 | Thoeam | FKv.W (2-403) 

Typ 
Pe [el fe = 


Teen mop 
FK,J 
J 


ND 


LinCMOS, High Bias 4] 
LinCMOS, Low Bias 4 be 
0.005 
LinCMOS, Low Bias Typ 
r 0.005 
LinCMOS, Medium Bias 1p 
; 0.005 

20 | 08 


LinCMOS, High Bias 
ium 6 TLC27MaM SKS 2-703 


oO 
EB 
< - 
ont 
a 
ing 
nN 
wae —— 
N 


t 
LinCMOS, Medium Bias hl TLC27M9M FK 2-703 
0.005 
T 
LinCMOS, Micro Power, Precision 16 | 0 aa7 TLC1079M D,JG,P 2-749 
Excalibur, High Speed, Precision | 0.5 | 25 | 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, quad 


1 automotive temperature range (Values specified for Ta = 25°C) 
SUPPLY 
vottace | “0 | "eB | Avo | 81 

G) DESCRIPTION (mV) | (nA) | (V/mV)| (MHz) 7 TYPE 

@ 

5 | MAX | MAX | MAX] MIN TYP 

2 22, 

— di LM2902 D,J,N,W 

=e | 100 

= 

= | 500] 20 | 3 | 1.7 { RV4136 | DJ,N,W {2-173 

a 8 | 0O2] 5 | 1.1 { 29] TLOS4Al | DJ,N [2-246 | 

© [BIFET, Low Power, Precision re3.6[ ze] 4 [02] 5 [11] 29] Tosa [on [zee 

S  [BirEt, Precision 23.5] 218] 15 |02| 60 | 27] 16 | TLosaa 2-327 
BIFET, Precision sss[ e164 [oa | so [27 | 6 | roca 2-327 
BIFET, Low Power, Precision r236] s18[6 [o2] 4 | 1] 35 TLO64I 2-357 
BIFET, Low Noise, Precision | £3.5| +18 |) 6-| 0.2] 50 | 3 | 13}  TLOZAI 2-387 
BIFET, General Purpose 23.6] =te} 6 [02] so | 3 | 13] Tuoea | dJN [2-403 

cE 
LinCMOS, High Bias Ls TLC274Al D.J.N  |2-575 
0.001 


LinCMOS, Low Bias 


= 
LinCMOS, Low Bias 18 is TLC27L4BI D,J,N 
0.005 
LinCMOS, Low Bias bs TLC27L41 
0.005] 
Typ 
LinCMOS, Low Bi 4 TLC27L91 
" geese: state 0.005 arcs 
T 
: : : 
LinCMOS, Medium Bias sa TLC27M4BI 2-703 
Typ 
25 TLC27M4I DJN  |2- 
p 4 | te | 10 | 0.005 Potala best oa aan 
4 Typ TLC27M9I D,J.N 12-703 
0.005 _ 
Typ 
TLC10791 D.JG,P |2-749 
0.007 


[excalibur, High Speed, Precision | 4 | 40 | 05 | 25 | 1000; 2 | 09 | Tuezozm | DWFKIN [59 


? 
on 
SI 
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LinCMOS, Medium Bias 


LinCMOS, Medium Bias 


LinCMOS, Micro Power, Precision 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, quad 


industrial temperature range (Values specified for TA = 25°C) 


Vio | ‘ip | Avo | Bi SR 
DESCRIPTION (mV) | (nA) | (V/mV)} (MHz) | (V/us) TYPE 
MAX | MAX| MIN | TYP | TYP 


SUPPLY 
VOLTAGE 
(V) 


Typ 
.00 


°o 
ol 


0.05 TLC27L4BI D,J,N 
TLC27L4I D,J,N 


TLC27L91 D,J,N 


LinCMOS, Micro Power, Precision 


o 
° 
Oo 
oO 


A 
on 
“I 
on 


= 
YP TLC27M4Al 2-703 


TLc27MaBi 2-703 


°o 
° 
os 
oa 
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ont 
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° 
o1 


4 
< 
Ao] 


TLC10791 D,JG,P 2-749 


TLE20241 | DW,FK,J,N [5-9 | 


2 
rin [MAX | = 
TAT : 
|General Purpose, Bipolar | «33 | 30 | 3 | -80) 50 | 0.3 | LM224A | DJNW 12-33 | 
=18| 6 | 200] 26 | 1 | 05] .maas | DIN [239] © 
incon ovr ooiw SLL SEL s [ul w [os] or] vee | ow [ro] B 
ich Gon tow rome oom etcral-sar] * |-%| © | 2¢| | uasea | oun jaas') & 
® 
Single Supply, Norton Amplifier, S/S BRS LM2900 D.J.N 
Bipoiar D/S © 
POET. Low Power a I O28 P29] Tossa | DIN [225] O 
<a5[ ste. 4 [o2[ 6 pag | rae oe (aa 
z18[ 15 [02] 60 
EN A 
#3.5| +18[ 6 | 02] 4 | | 3.5 | TLoe4! | DWN | 2-357 
+3.5 | 6 [02] 50 | | 13 | TLo741 | DYN | 2-387 | 
+3.5 | 6 [02] 50 | [13 [ Tosa | D.J.N | 2-403) 
wtebete Ss iad en 
Typ 
+ Jonson] 10-| #2 | 82 | nczram | oss |aere 
Typ 
| 19 [econ] 12 oem | os [aan 
Typ 
Typ 
os | 25 | 1000 


NN 
Nh NIN 


— | = 
fool Bee) 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, quad 


7 commercial temperature range (Values specified for TA = 25°C) 
SUPPLY 
vortace | “!O | |B | Avo} B81 | SR 
DESCRIPTION én (mV) | (nA) | (V/mV)| (MHz) | (V/ys)} TYPE 

| MIN | MAX | MAX | MAX] MIN | TYP | TYP 
BIFET, General Purpose [+35] +18] 10 [0.2] 26 | 3 | 13 | F347 | DUN [2-3 | 
General Purpose 3 | 30 | 7 |-260] 25 | 06] 03] 1ma2a | DINW [2-33 | 
[General Purpose ——~—=~S*~<“~*~*~s «| 80 | 3-00] 25 | 0.6 | 0.3 | LMB2MA | DINW [2-29 | 
[General Purpose ———=~=S*~*é~<“—~s a | zt] | | 200] 25 | 1 | 05] MaKe | OWN [299 | 


Single Supply, Norton Amplifier, Sig t+ We S2. 5] 


Bipolar 


© 
eo 
” 


wll ole 
H+ 
— 
Les) 


Low Power, Bipolar 


UONIBWWOJU] JeAVUay 


Psoof 20] 3 | 17 
235] 218 2] 5 [11] 29] TLos4ac | DIN [2-246] 
[BIFET, Low Power, Precision | +3.8| =18| 4 | 02] 5 [11] 29] TLosac | DIN [2.246] 
General Purpose +2 [te] 5 | 250] 60 | 05 | 05| Tosac | Nw 2-269, 
Sea eh ete ee ee ee TLOS4AC | DiJ.N | 2-327 
[BIFET, Precision ——~——~—S*=~— | zt] 4 | 0.2] 80 | 27] 16| TLosac | DIN |2927, 
BIFET, Low Power +18/ 6 | 0.2] 4 | 1 =| 3.5] TLO64AC | DJ,N | 2-357 
se[-a-fos [a [1-3 | raeeec”| “0 [xaer 
zie] ts [os] 3 | 1 | 36] moss | din [2.057 
+18] 6 | 02] 50 | 3 | 13 | TLO74AC 
z1e[ 3 |02| so | 3 | 13] Tho7aac | DJN [2987 
z18| 10 | 02] 80 | 3 | 13] movac 
z1e[ 10 | 02] 25 | 3 | 13 | Tuo7sc 
z1e| 6 [02] 50] 3 | 13] toseac | duN |2-403| 
+18{ 3 |o2] so | 3 | 13 | TLoB4Bc | DWN [2-403 | 
zie 15 | 04] 25 | 3 | 13 | Toeac | DIN [2-403] 
zie] 18 |o4| 25 | 2 | 13] Tossc | JN [2403 
zie] 6 | soo} 20 | 3 | 2 | iisec_| _N [237 
ince vovee [ved fated [22] wo smn] oan fo 
0.005 


: 
LinCMOS, High Bias iO. 4 ee 2.2 | 5.3] TLC254Cc D,J,N 
0.005 
Typ 
LinCMOS, Low Bias 30 TLC25L4AC| JN 
0.005 
i ; Typ 
LinCMOS, Low Bias 2 30 TLC25L4BC|  D,J,N 
0.005 
; : Typ 
LinCMOS, Low Bias 1.4 10 30 0.1 TLC25L4C D,J,N 
0.005 
T 
T 
LinCMOS, Medium Bias 13 | 2 YP"E 196 TLC25M4BC] ——DJ.N 
0.005 
T 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, quad 


commercial temperature range (Values specified for Ta = 25 °C) 


supply | | : v os 
VOLTAGE lo |} ‘1B voy 
(mV) | (nA) | (V/mV)| (MHz) | (V/us)} TYPE 
MAX | MAX| MIN | TYP | TYP 
5.3 | TLC274AC 2-575 
| 10 | 22] sa 
| 10 | 22 | 2 
p10 | 22 | 5.3 | TLC279C 
.0O | 80 | 
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a ol 
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Sven: 
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Seas 
® 
c 
® 
1] 


< 
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TLC27L4BC 


.0O 


< 
ao) 


TLC27L4C D,J,N 
.00 


=| 
< 
a2) 


0 TLC27L9C D,J,N 


25 


4 
< 
Ao] 


0 TLC27M4AC D,J,N 2-703 


25 

.00 | 25 | oe | 08 | 
25 

.005 25 | 08 | 06 


< 
no] 


= 
ae) 


TLC27M4C D,J,N 2-703 


+ 

<|O < 

uO = 
oO 


TLC27M9C D,J,N 


| 1000 _ 


ai 


TLC1079C 


TLE2024C | DW,FK,J,N 
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OPERATIONAL AMPLIFIERS 
CROSS-REFERENCE GUIDE 


Replacements are based on similarity of electrical and mechanical characteristics as shown in currently published data. 
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should compare 
the specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No 


liability is assumed for damages resulting from the use of the information contained herein. c 

Manufacturers are arranged in alphabetical order. 2 

4°) 

ADVANCED SUGGESTED oan a 

LINEAR Ti in 5 

DEVICES REPLACEMENT : aque 

ALD1701 or TLC271 2-479 = 

ALD1702 or i 

ALD1703 i] 

pe 

® 

Fi 

ANALOG Pregnee PAGE © 

git eae REPLACEMENT ~ 
AD510 or AD517 OP-07 2-147 
DIRECT SUGGESTED 
FAIRCHILD Tl Tl ‘4 : 
REPLACEMENT REPLACEMENT : 

uA714 OP-07C 2-147 
uA714E OP-O7E 2-147 
uA714L OP-07D1 2-147 
uA741 uA741 2-837 
uA747 uA747 2-845 
uA748 uA748 2-851 
uA771 TLO71 2-387 
uA771A TLO71B or TLO81B 2-387 
uA771B TLO71A or TLO81A 2-387 
uA771L TLO81 2-403 
uA772 TLO72 2-387 
uA772A TLO72B 2-387 
uA772B TLO72A or TLO82A 2-387 
uA772L TLO82 2-403 
uA774 TLO74 2-387 
uA774B TLO74A or TLO74B 2-387 
uA774L TLO84 2-403 
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OPERATIONAL AMPLIFIERS 
CROSS-REFERENCE GUIDE 


GENERAL ronnie PAGE 
7 ELECTRIC Nala seg: NO. 
ICL7611, or ICL7612, TLC271 2-479 
QO or ICL7613 
7 ICL7621 TLC272 2-543 
os ICL7641 TLC274 or TLC27L9 2-575 
® ICL7642 TLC27M9 2-703 
2 
“se SUGGESTED 
2. HARRIS Tl PAGE 
° REPLACEMENT NO. 
3 HA2515 LM318 2-51 
= HA5130-5 OP-07E 2-147 
= HA5135-5 OP-07C 2-147 
© 
ae | 
SUGGESTED 
INTERSIL TI PAGE 
REPLACEMENT NO. 
ICL7611, or ICL7612, TLC271 2-479 
or ICL7613 
ICL7621 TLC272 2-543 
ICL7641 TLC274 or TLC27L9 2-575 
ICL7642 TLC27M9 2-703 
ne DIRECT SUGGESTED ice 
TECHNOLOGY REPLACEMENT REPLACEMENT NO. 
LT1001 OP-07C, OP-07D, 2-147 
or OP-O7E 
LT1007 LT1007 2-83 
LT1007A LT1007A 2-83 
LT1037 LT1037 2-83 
LT1037A LT1037A 2-83 
SUGGESTED 
MAXIM TI oe 
REPLACEMENT 
ICL7611, or ICL7612, TLC271 2-479 
or ICL7613 
ICL7621 TLC272 2-543 
ICL7641 TLC274 or TLC27L9 2-575 
ICL7642 TLC27M9 2-703 
TEXAS 4 
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SUGGESTED 
MOTOROLA TI TI PAGE 
REPLACEMENT REPLACEMENT NO. 1 
MC748 uA748 2-851 
MC1458 MC1458 2-133 
MC1558 MC1558 2-133 c 
MC1709 uA709 2-833 A] 
MC1741 uA741 2-837 a 
MC1747 uA747 2-845 “ 
MC3303 MC3303 2-137 ad 
MC3403 MC3403 RC4136 2-137 © 
MC4558 RC4558 2-177 = 
MC4741 LM348 2-39 soe 
MC34001 TLO71 or LF351 2-387 - 
MC34002 TLO72 or LF353 2-387 = 
MC34004 TLO74 or LF347 2-387 = 
MC34004B TLO74A or LF347B 2-387 © 
© 
DIRECT SUGGESTED 
NATIONAL Tl TI PAGE 
REPLACEMENT REPLACEMENT NO. 
LF347 LF347 TLO74 or TLO84 2-3 
LF347B LF347B TLO74A, TLO74B, 2-3 
or TLO84A 
LF351 LF351 TLO71 or TLO81A 2-5 
LF353 LF353 TLO72, TLO72A, or TLO82A 2-7 
LF411 LF411 TLO81A 2-9 
LF411A TLO71A, TLO71B, 2-387 
TLO81A, or TLO81B 2-403 
LF412 LF412 TLO72A, TLO82A, 2-11 
or TLO82B 
LF441 TLO61 2-357 
LF441A TLO61A or TLO61B 2-357 
LF442 TLO62 2-357 
LF442A TLO62B 2-357 
LF444 TLO64 2-357 
LF444A TLO64A 2-357 
LHOO44 OP-07C 2-147 
LHO044B OP-07D 2-147 
- LHOO44C OP-O7E 2-147 
LM201A LM201A 2-13 
LM207 LM207 2-17 
LM218 LM218 2-51 
LM224 LM224 2-33 
LM248 LM248 2-39 
LM258 LM258 2-43 
TEXAS 4 
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OPERATIONAL AMPLIFIERS 
CROSS-REFERENCE GUIDE 


(Continued) 
DIRECT SUGGESTED 
T NATIONAL TI TI Sg 
REPLACEMENT REPLACEMENT : 
ro) LM301A LM301A 2-13 
a LM307 LM307 4.47 
5 LM318 LM318 2-51 
© LM324 LM324 2-33 
o) LM348 LM348 2-39 
i LM358 LM358 2-43 
=i LM709 uA709 2-833 
ee LM741 uA741 2-837 
© LM883 RC4558 2-177 
3 LM1458 MC1458 2-133 
ry LM2900 LM2900 2-55 
ot LM2902 LM2902 2-33 
2) LM2904 LM2904 2-43 
a LM3900 LM3900 2-55 
LMC660 TLC274 2-575 
a tel sae 
NO. 
REPLACEMENT 
uPC159 LM318 2-51 
uPC251 MC1458 2-133 
uPC354 OP-07 2-147 
uPC801 TLO71, TLO81A, 2-387 
or LF351 
Ss omECT SunaRETED ee 
NO. 
REPLACEMENT REPLACEMENT 
OP-02 uA741 2-837 
OP-04 uA747 2-845 
OP-07C OP-07C 2-147 
OP-07D OP-07D 2-147 
OP-O7E OP-O7E 2-147 
OP-O7F RC4136 2-173 
OP-14C or OP-14E MC1458 2-133 
OP-14J MC1558 2-133 
OP-15F TLO71, TLO81A, 2-387 
or LF351 
OP-27E OP-27E 2-151 
OP-27G OP-27G 2-151 
OP-37E OP-37E 2-151 
OP-37G OP-37G 2-151 
OP-215F TLO72, TLO82A, 2-387 
or LF353 
TEXAS 4B 
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DIRECT SUGGESTED 
RAYTHEON Tl Tl PAGE 
REPLACEMENT REPLACEMENT NO. 1 
RC4136 RC4136 2-173 
RC4156 LM348 2-39 
RC4157 LM348 2-39 oo 
RC4558 RC4558 2-177 2 
RC4559 RC4559 2-171 pa 
: 
SUGGESTED 
RCA TI ae = 
REPLACEMENT NO. = 
CA081A TLOS1 2-403 7 
CA081A TLO81A 2-403 He 
CA082 TLOS2 2-403 2 
CA082A TLOB2A 2-403 7 
CA084 TLO84 2-403 G, 
DIRECT SUGGESTED 
SIGNETICS Tl TI PAGE 
REPLACEMENT REPLACEMENT NO. 
NE532 LM358 or TLO22 2-43 
NE5532 NE5532 2-143 
NE5532A NE5532A 2-143 
NE5534 NE5534 2-181 
NE5534A NE5534A 2-181 
SE5534 SE5534 2-181 
SE5534A SE5534A 2-181 
SUGGESTED 
SGS-THOMSON TI PAGE 
REPLACEMENT NO. 
TS271 TLC271 2-479 
TS271A TLC271A 2-479 
TS271B TLC271B 2-479 
TS272 TLC272 2-543 
TS272A TLC272A 2-543 
TS$272B TLC272B 2-543 
TS274 TLC274 2-575 
TS274A TLC274A 2-575 
TS274B TLC274B 2-575 
TS27L2 TLC27L2 2-607 
TS27L2A TLC27L2A 2-607 
TS27L2B TLC27L2B 2-607 
TS27L4 TLC27L4 2-639 
TS27L4A TLC27L4A 2-639 
TS27L4B TLC27L4B 2-639 
TS27M2 TLC27M2 2-671 
TS27M2A TLC27M2A 2-671 
TS27M2B TLC27M2B 2-671 
TS27M4 TLC27M4 2-703 
TS27M4A TLC27M4A 2-703 
TS27M4B TLC27M4B 2-703 
Texas 
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OPERATIONAL AMPLIFIERS 
GLOSSARY 


Input Offset Voltage (Vio¢) 


The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero 
or other level, if specified. 


Average Temperature Coefficient of Input Offset Voltage (ayjo) S 
The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the ‘gu 
specified temperature range. e 

pa 
(Vio @T \—(Vi9o0 @T ) 
avio = wh AE AS Sid A f- L where Tai) and Ta(2) are the specified temperature extremes. 2 
TA(1)— TA(2) c 
Input Offset Current (ljo) S 
bo 
The difference between the currents into the two input terminals with the output at zero volts. 2 
<a ® 

Average Temperature Coefficient of Input Offset Current (ajjo) G) 
The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 

(io @ Ta(1))—(lo @ Ta(2)) 
a 2 — OO || where Tai) and T are the specified temperature extremes. 
O Ta(1)-TA(2) (1) A(2) 
Input Bias Current (lp) 
The average of the currents into the two input terminals with the output at zero volts. 
Common-Mode Input Voltage (Vic) 
The average of the two input voltages. 

Common-Mode Input Voltage Range (VicR) 

The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly. 

Differential Input Voltage (Vip) 

The voltage at the noninverting input with respect to the inverting input. 

Maximum Peak Output Voltage Swing (Vom) 

The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the 
quiescent d-c output voltage is zero. 

Maximum Peak-to-Peak Output Voltage Swing (Vopp) 

The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c 
output voltage is zero. 

Large-Signal Voltage Amplification (Ay) 

The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output. 

Differential Voltage Amplification (Ayp) 

The ratio of the change in output voltage to the change in differential input voltage producing it. 
EXAS aig 
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OPERATIONAL AMPLIFIERS 
GLOSSARY 


Maximum-Output-Swing Bandwidth (Bon) 


The range of frequencies within which the maximum output voltage swing is above a specified value. 


1 


Unity-Gain Bandwidth (B74) 


The range of frequencies within which the open-loop voltage amplification is greater than unity. 


Phase Margin (¢m) 


The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which 
the modulus of the open-loop amplification is unity. 


Gain Margin (Am) 


The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is 
such that the output is in phase with the inverting input. 


UOIEUUOJU] Je1BUBS 


Input Resistance (rj) 


The resistance between the input terminals with either input grounded. 


Differential Input Resistance (rjg) 


The small-signal resistance between the two ungrounded input terminals. 


Output Resistance (ro) 


The resistance between the output terminal and ground. 


Input Capacitance (Cj) 


The capacitance between the input terminals with either input grounded. 


Common-Mode Input Impedance (zjc) 


The parallel sum of the small-signal impedance between each input terminal and ground. 


Output Impedance (zo) 


The small-signal impedance between the output terminal and ground. 


Common-Mode Rejection Ratio (kcjaR, CMRR) 


The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change 
in input offset voltage. 


Supply Voltage Sensitivity (kgs ys, AVio/AVcc) 


The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. This is the reciprocal of supply voltage rejection ratio. 


Supply Voltage Rejection Ratio (kgyp. AVCC/AVIO) 


The absolute value of the ratio of the change in supply voltages to the change in input offset voltage. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. This is the reciprocal of supply voltage sensitivity. 
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OPERATIONAL AMPLIFIERS 
GLOSSARY 


Equivalent Input Noise Voltage (Vp) 


The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals 


of the device that represents the part of the internally generated noise that can properly be represented by a voltage 
source. 


1 


Equivalent Input Noise Current (Ip) 


The current of an ideal current source (having an internal impedance equal to infinity) in parallel with the input terminals 


of the device that represents the part of the internally generated noise that can properly be represented by a current 
source. 


Average Noise Figure (F) 


The ratio of (1) the total output noise power within a designated output frequency band when the noise temperature 
of the input termination(s) is at the reference noise temperature, To, at all frequencies to (2) that part of (1) caused 
by the noise temperature of the designated signal-input termination within a designated signal-input frequency band. 


General Information 


Short-Circuit Output Current (Ios) 


The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to 
a specified point. 


Supply Current (icc) 


The current into the Vcc or Vcc + terminal of an integrated circuit. 


Total Power Dissipation (Pp) 


The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: At noload: Pp = Vcc + « icc+ + Voc- « icc -. 


Crosstalk Attenuation (V91/Vo2) 
The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another channel. 
Rise Time (ty) 


The time required for an output voltage step to change from 10% to 90% of its final value. 


Total Response Time (Settling Time) (t¢o¢) 


The time between a step-function change of the input signal level and the instant at which the magnitude of the output 
signal reaches for the last time a specified level range (+€) containing the final output signal level. 


Overshoot Factor 


The ratio of (1) the largest deviation of the output signal value from its final steady-state value after a step-function 
change of the input signal, to (2) the absolute value of the difference between the steady-state output signal values 
before and after the step-function change of the input signal. 


Slew Rate (SR) 


The average time rate of change of the closed-loop amplifier output voltage for a step-signal input. 
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COMPARATORS 
SELECTION GUIDE 


military temperature range (Values specified at Ta = 25°C) 


| POWER SUPPLY | 
DESCRIPTION Vec+ | Vcc- | Vio IIB loL 
on ws MAX | MAX | MIN 
(mV) (uA) (mA) 


RESPONSE 
TIME 


1 


TYP 
(ns) c 

2 
single channel pf 
Stops | Sols | Soe ase | | o Jicss |; as] a: | | Sag [imia1 [meal egal ce 
[uitra Low Power, Strobe | 4-30 | 0 | 758 | 01] 16 | 1200 |ipi1 | FKWG [329 | 6 
Strobe 80 | | 0.05 | 50 150 [tTio1im | JGt_ | 337 | 
stobe———SC~—~i~C‘ BO | —*| 08 | 0.028 | 60 | 180 |LTIO1AM] JGL | 397 | = 
Ultra-Fast, Precision | 5 [| -5 | +2 | 10 | 10 | 10 LT1016M | GL | 361 | 

he 
dual channel 2 
How Bowes Biel 8 Ff Ef tS a tangs dee Ps 
[2 {if 2 {| 30 |[misiam | FKJW | 369 
tw sup maos Tae [90 fa afc ef 
[High Speed, LinCMOS_ | = 4-18 | OT | 6 | 200 =| TLC372M | FKJG | 3-119 | 
Ultra ar Recor 
fern few] eo [eft Le | von [remem | wn | oe 
hh Be t TLC3702M| FK,JG 
Push-Pull Output : 
quad channel 
lLow Power, Bipolar =| «4-30 ~=3600 SO] SS | -01 | 6 | 300 [imis9 | FKW | 317 | 
Precision Input ——-+(| 4-30| 0 | 2 | -01 | 6 | 300 |iMIs9A | FKJ | 3-17 
Open-Drain oe, 
[ultra Low Supply, Lincmos [14-18] 0 | to | 1 | 6 | 200 |ticosam | FKJ | 3111 
[High Speed, LincMoS | 4-18 | =o] 10 S| Ct | 6 | 200 = TLC374M | OFKW | 3-127 | 
coffe MC CC 
Push-Pull ae 
t Typically 5 pA 

EXAS Ri 
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COMPARATORS 
SELECTION GUIDE 


automotive temperature range (Values specified at TA = 25°C) 


POWER 3 RESPONSE 
co Vio 1 'oL TIME 
cca int MAX MAX MIN TYP 
(mV) (uA) (mA) (ns) 


1 


dual channel 


Se 
eereen oom tere | erg eee ee 
[High Speed, Lincmos | 3-18 | 0 [6 | 200 | tica7a_| duce | 3119 | 


Ultra Low shee TLC3931 D,JG,P 
Open-Drain Output 

Ultra Low Power, t TLC37021 | D,JG,P 
Push-Pull Output 

quad channel 


Bes ES Sp 
Low-Cost LM2901 ~s_|300_[-umaa02—| DN] 395 


Ultra Low Power, 8000 LP2901 D.J.N 
Automotive LP339, oor 


UOI}EWUOJU] Je1BUay 


[ultra Low Supply, LincMos | 14—18 | [3s |_200_ | reessar_ | Dan | samt | 
Sessoan aan sae es +s {ee esse oan [00 
igh Seed, uncwos | s=1e [0 [to [re [200 [cara | oun | ear | 
Push-Pull Ouput_ +f 3-1 o | 5 | + | 4 | 1300 | Tuca70ai 3-187 


T Typically 5 pA 
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COMPARATORS 
SELECTION GUIDE 


industrial temperature range (Values specified at TA = 25°C) 


POWER | POWER SUPPLY _ RESPONSE 1 
DESCRIPTION ne TYPE 
TYP 
(ns) 


single channel 


Fo Ne ea Rs ET a | NS a Se Be 
Ultra Low Power, Strobe | 4-30 | 0 | 7.5 | 01 | 16 | 1200 | tP211 | OJGP | 329 | 
SingleLm339_ | 4-30 | BT 07 | 6 {300 | T3311 | OGP | 3-65 _| 


dual channel 


industrial M393 | 4-30 | 0] 25] 6 | 300 im293 | DuGP | 321 
Industrial LM393, Low Offset | _ 4-30 | 0 | = 2 | 0.25] = 6 | 300_| LM293A_| DJGP | 3-21 | 
ee ne 
High Speed, LinCMOS | 3-18 | O10 | 6 | 200 | TLC372I_ | DJGP | 3-119 | 


Ultra Low ae TLC3931 D,JG,P 
Open-Drain Output 

Ultra Low Power, t TLC37021 | D,JG,P 
Push-Pull Output 

quad channel 


ae a a a eS 
industrial LM339, Low Offset | 4-30 | 0 | 2 [6 | 300 [umaaea_| Dan | 317 


eu ogg OE Eo IL. 
Industrial LP339, ‘Bipolar 

se et em ps 
Open-Drain Output 

ae ae sa ie ch 
[High Speed, LincMOS | 3-18 | 0 | 6 | 200 =| TLC3741 | DN | 3-127 | 


Ultra Low aoa. TLC37041 D,J,N 3-157 
Push-Pull Output 


T Typically 5 pA 


General Information 
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COMPARATORS ~ 
SELECTION GUIDE 


commercial temperature range (Values specified at TA = 25°C) 


| POWER SUPPLY | 
x 
DESCRIPTION Vec+ | Vcc VIO iB * 
ny non MAX | MAX | MIN 
(mv) | (uA) | (ma) 


single channel 


Etets | maemo] oO Pp ve | ose | 6 |. aie. [men | Doce [ea 
[Ura Low Power, Swobe | 4-30] 0 | 75 | 01 | 16 | 1200 |uPsi1 | DvGP | 329 | 
Stobe—SSSSSC*d C80 | | 08 | 0.025 | 50 | 180 |uTio11Ac| GLP | 307 
[strobe | 4-30, 0 | 15 | 005 | 60 | 160 |urionc | JGLP | 337 
ae ee Sees 
single umaga————«d| = 4—a0 fo | 5 | -025| 6 | 300 |nasic | DiGP | 365 


mone tt fete] [em frome [ome for 
MAX 


dual channel 


[Low Power, Bipolar ——*(| 4-30] 0 [| 6 | 025] 6 | 300 [imae3 | DiGP [321 
Precision input__-+| 4-30] 0 | 2 | 0.25| 6 | 300 |im303A_| DJGP | 321 _| 
Cee ee 
[High Speed, LincMos| 3-18] 0 | 10 | + | 6 | 200 | ruca72c | DGP 


Uitra Low Power, 

TLC393C | D,JG,P 
Open Drain Output, CMOS ie ee 
RAG ROWE t 1300 | TLC3702C} D,JG,P | 3-151 
Push-Pull Output, CMOS : we 


t Typically 5 pA 


RESPONSE 
TIME 
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COMPARATORS 
SELECTION GUIDE 


commercial temperature range (Values specified at TA = 25°C) 


POWER SUPPLY 1 
Vcec+ ip loL 
DESCRIPTION Y 
NOM MAX MIN ics 
(V) (uA) (mA) c 
quad channel 


[tow Power, Bipolar ‘| 4-30] 0 | 8 | -o26] 6 | 300 |imss9 | DJN | 317 | 
Precision Input‘ 4-30} 0 | 2 | -026[ 6 | 300 |ima39a_| Dvn | 317 | 
[zs [-0.02] 6 | 6000 [tras | DN | 303 


Itra Low P ' 


eee 

Open-Drain Output, CMOS | 3-18 | Eon 

[Ultra Low Supply, LinCMOS | 1.4—18 | ke A SS SO Re 
a4 a aS 


High Speed, CMOS 


Ultra Low Power, 
Push-Pull Output, CMOS 


t Typically 5 pA 
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COMPARATORS 
CROSS-REFERENCE GUIDE 


Replacements are based on similarity of electrical and mechanical characteristics as shown in currently published data. 
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should compare 
the specifications of the substitute device with the specifications of the original. 


1 


Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No 
liability is assumed for damages resulting from the use of the information contained herein. 


c 
Manufacturers are arranged in alphabetical order. fe 
© 
cies nee syagegze> eer E 
TECHROLOSY REPLACEMENT REPLACEMENT NO. £ 
LT1011A LT1011A 3-37 £& 
LT1011 LT1011 3-37 x 
LT1016 LT1016 3-61 6 
LT1017 TLC352, 3-103 © 
TLC392, c 
or TLC3702 3-151 @ 
LT1018 TLC352, 3-103 © 
TLC392, 
or TLC3702 3-151 
DIRECT SUGGESTED 
NATIONAL TI TI pinay 
REPLACEMENT REPLACEMENT 
LM311 LM311 3-3 
LM339 LM339 TLC339 at 
LM393 LM393 TLC393 3-21 
LM2901 LM2901 TLC339 3-17 
LM3302 LM3302 3-25 
LP339 LP339 TLC339 3-33 
SUGGESTED meric 
PMI TI fe 
REPLACEMENT ; 
CMPO4F LM339 or 3-17 
LM3302 or 3-25 
LM2901 or 3-17 
TLC339 3-89 
TEXAS ais 
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COMPARATORS 
GLOSSARY 


Input Offset Voltage (Vio) 


The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to the 
specified level. 


Average Temperature Coefficient of Input Offset Voltage (ayjo) 


The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 


“2 @ Ta(1))- (Vio @ Ta(2)) 
PNG. Sf et ee ee 


where T and T are the specified temperature extremes. 
TA(1)— TA(2) ae bi . 


Input Offset Current (lio) 


The difference between the currents into the two input terminals with the output at the specified level. 


Average Temperature Coefficient of Input Offset Current (ajjo) 


The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 


(lo @ Ta(1)) = (lo @ Ta(2)) 
= |e | where T and T are the specified temperature extremes. 
i Ta(t)— TA(2) a ae ’ , 
Input Bias Current (Ijp) 


The average of the currents into the two input terminals with the output at the specified level. 


High-Level Strobe Current (IjH(S)) 


The current flowing into or out of* the strobe at a high-level voltage. 


Low-Level Strobe Current (IjL(S)) 


The current flowing out of* the strobe at a low-level voltage. 


High-Level Strobe Voltage (Vj}H(S)) 


For a device having an active-low strobe, a voltage within the range that is guaranteed not to interfere with the operation 
of the comparator. 


Low-Level Strobe Voltage (VjL(s)) 


For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or 
low, as specified, independently of the differential inputs. 


Input Voltage Range (Vj) 


The range of voltage that if exceeded at either input terminal will cause the comparator to cease functioning properly. 


Common-Mode Input Voltage (Vic) 


The average of the two input voltages. 


*Current out of a terminal is given as a negative value. 
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COMPARATORS 
GLOSSARY 


Common-Mode Input Voltage Range (VicrR) 


The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly. 


Differential Input Voltage (Vip) 


The voltage at the noninverting input with respect to the inverting input. 


Differential Input Voltage Range (Vip) 


The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning 
properly. 


Differential Voltage Amplification (Ayp) 


The ratio of the change in output to the change in differential input voltage producing it with the common-mode input 
voltage held constant. 


High-Level Output Voltage (VoH) 


The voltage at an output with input conditions applied that according to the product specification will establish a high 
level at the output. 


Low-Level Output Voltage (VoL) 


The voltage at an output with input conditions applied that according to the product specification will establish a low 
level at the output. 


High-Level Output Current, (IOH) 


The current into* an output with input conditions applied that according to the product specification will establish 
a high level at the output. 


Low-Level Output Current, (IoL) 


The current into* an output with input conditions applied that according to the product specification will establish 
a low level at the output. 


Output Resistance (rg) 


The resistance between an output terminal and ground. 


Common-Mode Rejection Ratio (kcjrR, CMRR) 


The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change 
in input offset voltage. 


Supply Current (icc +, Icc —) 


The current into* the Vcc + or Vcc — terminal of an integrated circuit. 


Total Power Dissipation (Pp) 


The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Pp = Vcc+ « Icc+ + Vcc-— « Icc-. 


*Current out of a terminal is given as a negative value. 
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COMPARATORS 
GLOSSARY 
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Response Time 


The interval between the application of an input step function and the instant the output crosses the logic threshold 
voltage. 


NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or in the 


1 


case of high-to-low-level response time, to turn the output off) to an input level just barely in excess of that required ee 
to bring the output back to the logic threshold voltage. This excess is referred to as the voltage overdrive. = 
: © 
Strobe Release Time = 
tems 
The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven from (@) 
its active logic level to its inactive logic level. = 
4°) 
tee 
® 
c 
6 
*Current out of a terminal is given as a negative value. 
Texas W 
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SPECIAL FUNCTIONS 


SELECTION GUIDE 


precision timers 


military temperature range (Values specified for TA = 25°C) 


1 


TIMING 
TO 
my oe Mies | FROM | TO | = 
Single Timer, Bipolar [=200mA | tus | Hours | Sess | PKG S 
Single Timer, Bipolar +200 mA | ys | Hours | SE555C FK,JG Pa 
Dual Timer, Bipolar £200mA__| 1s | Hours | sesse | Fk | 449 | @ 
Dual Timer, Bipolar +200 mA | 1ys | Hours | SE556C FK,J | 4-49 | E 
100 mA 
LinCMOS, Single High-Speed Timer He sa Stas | Hours TLC555M FK,JG 4195 o 
; 100 mA = 
LinCMOS, Dual High-Speed Timer 1 us TLC556M FK,J 
-10 mA r. 
isn 
automotive temperature range (Values specified for Ta = 25°C) - 
| SA5S5 | ODG,P 
D,J,N 
TLCS5551 D,JG,P 4195 
LinCMOS, Single High-Speed Timer, 100 mA ye 
1-Volt Operation -10 mA : 
LinCMOS, Dual High-Speed Timer, 100 mA ee 
1-Volt Operation -—-10 mA 2 
100 mA 
LinCMOS, Single High-Speed Timer = 1 us 
—-10 mA 
LinCMOS, Dual High-Speed Timer 
I EXAS ap 1-49 
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SPECIAL FUNCTIONS 
SELECTION GUIDE 


current mirrors (Values specified for Ta = 25°C) 

fy | ceteneron | Tae | meursoourmee | vmawor | Te | Pacaamen’ |: OP | 
RANGE INPUT TO OUTPUT RANGE 

O°C to 70% | _3ftot:18 | Variable | Tkowoc |p | 481 | 
O =40°C 10 85°C | 3:1t0 1:15 | Variable [| TLoror |p | 481 
& [fue | ome |. 11, - [i seattma | oe | Po" fase 
5 =40°C 0 85°C | 1:1 —~*#dYtyAtotma | Tom | tp | 485 | 
© oct 70% | 14:2 *«| ~1wAto1ma | io1zc_ | 1p | 4e5 | 
2 =40%C 0 85°C | +2 ~—S~S~*dYCtwA to mA | Tovar | uP —=«di« 
= | hed, |) Ow pee | 14... |. tenwtma | MOMac |... Laas 
=f OPE to 70°C = |) 122) A ae 
% Traore toesc | _1:2~~~—*«Y~2ypAto2ma | Tuoz | Pp | 405 | 
+ 4 
2 Hall-Effect switches (Values specified for Ta = 25°C) 
= RELEASE POINT OPERATING POINT MINIMUM 
5 (GAUSS) (GAUSS) HYSTERESIS TYPE 

(GAUSS) 


| 4-165 | 
TL3020C 


Hall-Effect linear circuits (Values specified for Ta = 25°C) 
iP 4-126 
Ea Se Le Se: DC RE 


sonar ranging functions (Values specified for Ta = 25°C) 


Sonar Ranging Module Sonar ranging module for measuring distances from a range SN28827 
of 6 inches to 35 feet using the TL851 and TL852 

Sonar Ranging Module Sonar ranging module for measuring distances from a range SN28828 4-67 
of 6 inches to 35 feet using the TL852 and TL853 


TL3019C 


TL3013C 


Controller Circuit Control integrated circuit for use in a sonar ranging module, TL851 
capable of driving 50-kHz transducers with a simple interface 
Receiver integrated circuit for use in a sonar ranging module TL852 


Control Circuit Control integrated circuit for use in a sonar ranging module, TL853 
capable of driving 40-kHz transducers with a simple interface 
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SPECIAL FUNCTIONS 
SELECTION GUIDE 


floppy-disk control circuits (Values specified for Ta = 25°C) 


Read-Amplifier System MC3470 
MC3470A 


1 


429 cS 

Tape-Read Signal Conditioner TLO41C DWNT | 4-113 | ,O 

Disk-Memory Read-Chain Data Comparator TL712 D,JG,P ~o 

Disk-Memory Read-Chain Data Comparator with MECL II! and MECL 1000 TL721 D,JG,P & 

ton 

differential video amplifiers Lo 

ege > . . sas 

military temperature range (Values specified for TA = 25°C) = 

TYPICAL © 

DESCRIPTION ® 

NOISE, V, Cc 

Amplifier with internal frequency compensation and ® 

. ee 600 Max 12 pV es) 
adjustable/selectabie gain options 


Amplifier with internal frequency compensation 10, 100, 400 uA733M bz eaablbara? pee ean 


commercial temperature range (Values specified for Ta = 25°C) 


DESCRIPTION pean TYPE PACKAGES 


Amplifier with 2 multiplexed inputs and 
, 6 A vi 100 max MC1445 
wide AGC range 
Amplifier with internal frequency compensation and 
oe te 600 max 12 ,v | NES92 4-53 
adjustable/selectable gain options 


TYPICAL 
NOISE, Vy, 


( ) 

ce : 
[Similar to NE592 but with tighter gain distribution | 90 | 600 max | 12 ,V | NESO2A | 
Amplifier with a wide AGC range ——~=—S*d? 80 100_-+| 12, | TLo26c 
Amplifier with a wide AGC range | 50 | 400max | 12,v | Tuo27c | DJN [499 
TLO40C 
[Similar to NE6Q2 but in an 8-pin package | 90 | 600 mex 12,v | T1892 
Similar to NEG9ZA but in an 8-pin package | 90 | 600max | 12.V | Tis92A | _D,P [4143 
TLow-noise version of NESG2 and TL892__—_—+|| 90 | 600max_| _3,v | Tiso2e | ONP | 
10, 100, 400 12.V | wa7aac | oN _| 


logarithmic amplifiers 


military temperature range (Values specified for operating temperature range) 


Logarithmic Amplifier 40 MHz Logarithmic Curve TL441AM 
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SELECTION GUIDE 
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programmable tone/noise generators (Values specified for Ta = 25°C) 


¢ Complex sound generators designed to provide low-cost digital tones or noise. SN76494/ 
® Programmable white-noise and attenuation functions, and simultaneous sounds SN76494A 

under microprocessor control. SN76496/ 
¢ TTL compatible. SN76496A 


frequency-to-voltage-converters (Values specified for Ta = 25°C) 


¢ Output swings to ground for zero-frequency input LM2907 
¢ Only one RC network provides frequency doubling for low ripple. LM2917 
* 8-pin version interfaces directly to variable reluctance magnetic pickups. 


sample-and-hold amplifiers 


military temperature range (Values specified for operating temperature range) 


DESCRIPTION OFFSET VOLTAGE GAIN ERROR TYPE }packaces | PAGE | 
Precision Sample-and-Hold Amplifier eho ot hk L 
0.001% | LFTeaA 


commercial temperature range (Values specified for operating temperature range) 


DESCRIPTION OFFSET VOLTAGE GAIN ERROR TYPE 


2 
Precision Sample-and-Hold Amplifier 0.004% LF398 
0.001% | LFS98A 
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SPECIAL FUNCTIONS 
CROSS-REFERENCE GUIDE 


Replacements are based on similarity of electrical and mechanical characteristics as shown in currently published data. 
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should compare 
the specifications of the substitute device with the specifications of the original. 
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Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No 
liability is assumed for damages resulting from the use of the information contained herein. 
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Manufacturers are arranged in alphabetical order. 2 
© 
SUGGESTED 
INTERSIL Tl fy E 
REPLACEMENT ra 
ICM7555 TLC555 4-195 = 
DIRECT SUGGESTED ee © 
MOTOROLA Tl TI an ® 
REPLACEMENT REPLACEMENT ; e 
MC1445 MC1445 4-27 ca 
MC1733 uA733 4-213 9) 
MC3470 MC3470 4-29 
NE555 NE555 4-37 
NE592 NE592 4-53 
DIRECT SUGGESTED 
SIGNETICS TI Tl ra 
REPLACEMENT REPLACEMENT 
NE555 NE555 TLC555 4-195 
NE556 NE556 TLC556 4-203 
NE592 NE592 4-53 
SA555 SA555 TLC555 4-195 
SA556 SA556 TLC556 4-203 
SE555 SE555 TLC555 4-195 
SE555C SE555C TLC555 4-37 
SE556 SE556 TLC556 4-203 
SE556C SE556C TLC556 4-49 
uA733 uA733 4-203 
SUGGESTED 
SPRAGUE TI a 
REPLACEMENT 
UGN3019 TL3019C 4-167 
UGS3019 TL30191 4-167 
UGN3020 TL3020C 4-169 
UGS3020 TL3020! 4-169 
4 
EXAS ae 
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LF347, LF347B 
WIDE-BANDWIDTH QUAD JFET-INPUT OPERATIONAL AMPLIFIERS 


D2997, MARCH 1987 


@ Low Input Bias Current D, J, OR N PACKAGE 

Typically 50 pA (TOP VIEW) 
@ Low Input Noise Current out [}1 WU14al] out 

Typically 0.01 pA/VHz AMP #1 IN—[]}2 13, |IN— +} AMP #4 

IN+ L]3 12] JIN + 
° bd : 
Low Total Harmonic Distortion Vec+ Ce uber. 

@ Low Supply Current... Typically 8 mA IN+ LJ5 10] JIN+ 

, ‘ : ; AMP #2 IN— LI6 9} JIN — AMP #3 
@ Wide Gain Bandwidth . . . Typically 3 MHz out shout 
@ High Slew Rate... Typically 13 V/ys 
@ Pin Compatible with the LM348 2 

description 


These devices are low-cost, high-speed, JFET-input operational amplifiers. They require low supply current 
yet maintain a large gain-bandwidth product and a fast slew rate. In addition, their matched high-voltage 
JFET inputs provide very low input bias and offset current. 


The LF347 and LF347B can be used in applications such as high-speed integrators, digital-to-analog 
converters, sample-and-hold circuits, and many other circuits. 


The LF347 and LF347B are characterized for operation from O°C to 70°C. 


symbol (each amplifier) 


OUT 


“” 
Bus 
D 
= 
7 
E 
< 
G 
c 
S 
© 
eee 
© 
2. 
‘e) 


AVAILABLE OPTIONS 


SMALL-OUTLINE | CERAMIC DIP| PLASTIC DIP 
(D) (J) (N) 


LF347D LF347J 
LF347BD LF347BJ LF347BN 


D packages are available taped and reeled. Add “’R’’ suffix to the device type. (e.g. 
LF347DR) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


eR a RS RISING RD Se ee Sa eh ee a a Pea Dae I 18 V 
NN Re ae ERB, Soa Phar gg Ch Bigot ae ee She. 8b Rie Ee ae ee eS a -1i8 V 
ROR IPS REE CIR APRESS ea ms ie Wh nce eg a OTe kat ea ye Geer Aw he ee +30 ¥ 
TOE TR SG 2 aS SS aa re ee ea Rat a ar a) oe Pa a a ea CE a +15 V 
earner ar eae mURED: MOP UIET Ces ik 5 ey hialiaue. iw! gra APO Bow bose Bo eee e¥ pe a Tels We eae Whe Unlimited 
Continuaus total power Gissination: ..... 5. os. ee oe ee ee wee See Dissipation Rating Table 
ESE ae a se ar Or ear ee ote re O° to 70°C 
Brareas: teminoratiwe tenga - oo os Fo i es he ee ee Oceana en es vs BSC to 150% 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, J package............. 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, D or N package......... 260°C 


NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


wel | EXAS 93 
necessarily include testing of all parameters. NST RUM ENTS 
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PRODUCTION DATA documents contain information Ri Copyright © 1987, Texas Instruments Incorporated 


LF347, LF347B 
WIDE-BANDWIDTH QUAD JFET-INPUT OPERATIONAL AMPLIFIERS 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING DERATE Ta = 70°C 
POWER RATING FACTOR ABOVE Ta POWER RATING 


PACKAGE 


680 mW 7.6 mW/°C 61°C 
680 mW 8.2 mW/°C 67°C 
680 mW N/A N/A 


electrical characteristics over operating free-air temperature range, VCC + = 15 V.VCC-— = -15V 
(unless otherwise specified) | 


PARAMETER TEST CONDITIONS all sieia , UNIT 
MIN TYP MAX | MIN TYP MAX 
a eds tes et Se es Rae OS 
Bs este tine ag = 1000 [Fullrenge [1S 
ony Average temperature coefficient Vic = 9, 
lo of input offset voltage RS = 10k 

pA 8 sae = T5885 
ho Input offset currentt * = F70°C 

vite | 50200 | 
8 ma [onc tats nat 


= 0 
J 
| Input bias currentt Vic = 0 = a 


2 


co datas [OOo ace, ee ee ie 
arge-sign t r lai Vv m 
sd a [m= 2K [Futons [ts id 


ie Ss 
go 100 ~~ 
See Note 2 go100—*+|~B_ 
ic civawt | Se 


operating characteristics, VCC+ = 15 V, VCC-— = -15 V, Ta = 25°C 


VorVon Crosstak attenuation [f= tkeSOCSCSC~SCS 

fe ene reg ee 
a eee ee ee ee 
ni 
Fin Equivalent input noise current | f=1kHz SSS pA Fz 


T Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques 
must be used that will maintain the junction temperatures as close to the ambient temperature as possible. 
NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously. 


sisyduiy jeuoinesodg 


Heda aed ee 
aoe, WARE SES Be 
ois i Romer 
BOURSES aes Po 
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LF351 
WIDE-BANDWIDTH JFET-INPUT OPERATIONAL AMPLIFIER 


D2997, MARCH 1987 


@ Low input Bias Current P, D, OR JG PACKAGE 
Typically 50 pA (TOP VIEW) 


@ Low Input Noise Voltage 
Typically 18 nV/JHz 


® Low Input Noise Current 
Typically 0.01 pA/VHz 


@ Low Supply Current... Typically 1.8 mA NC —No internal connection 


High Input Impedance 
Typically 1012 Q 


Low Total Harmonic Distortion 


2 


internally Trimmed Offset Voltage 
Typically 10 mV 


High Slew Rate .. . Typically 13 V/ys 
Wide Gain Bandwidth . . . Typically 3 MHz 
Pin Compatible with Standard 741 


description 


This device is a low-cost, high-speed, JFET-input operational amplifier with an internally trimmed input 
offset voltage. It requires low supply current yet maintains a large gain-bandwidth product and a fast slew 
rate. In addition, the matched high-voltage JFET input provides very low input bias and offset currents. 
It uses the same offset voltage adjustment circuits as the 741. 


Operational Amplifiers 


The LF351 can be used in applications such as high-speed integrators, digital-to-analog converters, sample- 
and-hold circuits, and many other circuits. 


The LF351 is characterized for operation from O°C to 70°C. 


symbol (each amplifier) 


OUT 


AVAILABLE OPTIONS 


SYMBOLIZATION 


pevice | PACKAGE 
SUFFIX 
LF351 D,JG,P —0°C to 70°C 


The D packages are available taped and reeled. Add the suffix R to 
the device type when ordering. (ie., LF351DR) 


OPERATING 
TEMPERATURE RANGE 


PRODUCTION DATA documents contain information 


Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to j 
ifications per the terms of Texas Instruments TEXAS 
ndard sag nist 5 Production processing does not 
u 


necessarily include testing of all parameters. INST RUMENTS 2-5 
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LF351 
WIDE-BANDWIDTH JFET-INPUT OPERATIONAL AMPLIFIER | 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Cay See tien ea SG cae. 4, fa MB ms oh vs ah a Wa ot Pata a Dee "ef AO ae Ee Ce eae 18 V 
SunDiv Voltie, Meret Ll OAS ee a Ree wt ce ne see elas 2 EO aRIOM duel aA —-18 V 
Ditferentialinmek Vaitace,! ViTk 6. en we ics We we en ne 0s 2 cee SPR WP etbCme tee er +30 V 
Sa ee ta ra SWE 8S i wk Aaa ow Oh olan: roe eM One Oe Re kes ata +15 V 
ee Ee Bn cs ma a Pies OA eee RP Sere ty oh wih Acar gor son ot Unlimited 
CONIA IOte RM eet NETRRUDGRIOHY |. cds Gdn eons Sin Sp a wee sv oles SS ME he kare eee 500 mW 
Operating ‘tenperatare vanoe i)... ee ee a tas Bh ete ss 4 8. Chew a 0°C to 70°C 
eLEie I SOTTO CLI PINs oe 6 ns dick ek DR AN bray Wen e. Ba eel an Se a —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package............ 300°C 
? Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, D or P package ......... 260 °C 


NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 


electrical characteristics over operating free-air temperature range, VCC + = 15V,VCC-— = -15V 
(unless otherwise specified) 


PARAMETER TEST CONDITIONS 


Trail angers | Ty STORET EST 
oe 
ayvio } Vic = 0, Rg = 10 kQ 
of input offset voltage 
i Aaa ee Tes 8s Te egONey Vicilo sass ory eed 


VicR Common-mode input voltage range 


° 
Zo] 
@ 
=| 
+e) 
=. 
2) 
= 
iy 
> 
= 
3 
= 
@ 
= 
” 


M TYP MAX 
= 


Vom Maximum peak output voltage swing | RL = 10 kQ +12 +13.5 


m 
nA 
pA 
nA 
V 
V 


25 100 
50 200 
to 
15 

200 


IN 
11 
ae Ta = 25°C 
A Large-signal differential voltage Vo = +10V, RL = 2 kQ V/imV 
Fullrange | 18 200+ 
CMRR Common-mode rejection ratio Rs = 10 kQ 70 ~=100 eS 
jection rat 0 [a8 | 


VD 
i 
KSVR Supply voltage rejection ratio 70100 

Bae hacoe sane Coe ee ae a ee 


operating characteristics, VCC + = 15 V, Vcc-— = -—15V, Ta = 25°C 


fat ene ee ge 
ii vgn bnew fo a ee een, ed 

f= 1kHz, Rg = 1009 A, a 

f = 1 kHz | 0.01 pare 


T Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques 
must be used that will maintain the junction temperatures as close to the ambient temperature as possible. 
NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously. 


z 
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LF353 
WIDE-BANDWIDTH DUAL JFET-INPUT OPERATIONAL AMPLIFIER 


D2997, MARCH 1987—REVISED MAY 1988 


Low Input Bias Current D, JG, OR P PACKAGE 
Typically 50 pA (TOP VIEW) 


@ Low Input Noise Current OUT[}1 U sf Vcec+ 
Typically 0.01 pA/VHz AMP #1 JIN- [J2 7{J OUT 


IN+ L]3 IN— > AM 
@ Low Input Noise Voltage Vcc = : : IN + sae 
Typically 18 nV/VHz m 


Low Supply Current... Typically 3.6 mA 


High Input Impedance 
Typically 1012 0 


2 


Internally Trimmed Offset Voltage 
Wide Gain Bandwidth . . . Typically 3 MHz 
High Slew Rate .. . Typically 13 V/ys 


description 


This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage. 
It requires low supply current yet maintains a large gain-bandwidth product and a fast slew rate. In addition, 
the matched high-voltage JFET input provides very low input bias and offset currents. 


The LF353 can be used in applications such as high-speed integrators, digital-to-analog converters, sample- 
and-hold circuits, and many other circuits. 


The LF353 is characterized for operation from O°C to 70°C. 


symbol (each amplifier) 


Operational Amplifiers 


OUT 


AVAILABLE OPTIONS 


SYMBOLIZATION 


OPERATING Vio MAX 
PACKAGE 
DEVICE TEMPERATURE RANGE | at 25°C 
SUFFIX 


LF353 | D,JG,P 0°C to 70°C 


The D packages are available taped and reeled. Add the suffix R to 
the device type when ordering. (i.e. LP353DR) 


PRODUCTION DATA documents contain information ‘ Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not | 2-7 
necessarily include testing of all parameters. NST RUMENTS 
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LF353 
WIDE-BANDWIDTH DUAL JFET-INPUT OPERATIONAL AMPLIFIER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDO MCG tras a suc Soave a 6 Wh Oe se wd y ced ow feo pee Seca aed now Dona Minn ae ny 18 V 
Sr Oly MOMBOR SIN s eich ae ee epic ke sow wate A dhose sds 2 ac wy 6 ole Oa Mn Coane oe Be acne -18 V 
DYERSrOrieer ibe VOMMime: VRE. Societe cs Bice ie teca te Sn + oes ces won Rak ee Oa tn Se RRBs wentes $30" 
Input Voltgoe (BBG NOtert he oS Sk ee ee eee ce oo eee os won MEH iCORD leg palendile Gipeedd: guy +15 V 
Duration Of OURBEITASNOTEONCOM 0. ok i le a nee oe ne ee tees eRe Spe obbauetioisas Unlimited 
Comite COLE OIE MRIBTIONY kao cary Shey eae a ow Oe di a Aes lene edie aes 500 mW 
Qreratinig: Temperature eerie oie. ons es ol See ee bee ge he eRe Sere ape eioie S O° to 70°C 
Storage TOMOOrature FAIR) si ee a ey oe Hie e o Wee oon eon pare —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package............ 300°C 
2 Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, D or P package......... 260°C 


NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 


electrical characteristics over operating free-air temperature range, VCC + = 15 V,VCC-— = -15V 
(unless otherwise specified) 


PARAMETER TEST CONDITIONS 
ViO Input offset voltage 


Average temperature coefficient 


WIG of input offset voltage 


lo Input offset currentT 


lip Input bias current! 


Oo 
a=) 
® 
= 
o) 
ct, 
3S 
5 
2 
> 
3 
i 
= 
® 
= 
” 


VicR Common-mode input voltage range 


Vom Maximum peak output voltage swing 


Avp _ Large-signal differential voltage 


rj Input resistance 

CMRR Common-mode rejection ratio 

ksyR Supply voltage rejection ratio See Note 2 
Icc Supply current 


UNIT 
f= 1 kee Meena iar 
Co RE TS ae CO eR MeO ea SR WA ee Se 
a Oden tl er eee ee 
[Vn____ Equivalent input noise voltage | f= 1kHz, Ag= 100g | 18 

In Equivalent input noise current 


T Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques 
must be used that will maintain the junction temperatures as close to the ambient temperature as possible. 
NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously. 
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LF411C 
JFET-INPUT OPERATIONAL AMPLIFIER 


D2997, MARCH 1987—REVISED MAY 1988 


@® Low Input Bias Current D, JG, OR P PACKAGE 
Typically 50 pA (TOP VIEW) 


@ Low Input Noise Current 
Typically 0.01 pA/./Hz 


Low Supply Current. . . Typically 2.0 mA 


High Input Impedance 
Typically 1012 0 NC—No internal connection 


Low Total Harmonic Distortion 


@ Low 1/f Noise Corner... Typically 50 Hz 


description 


This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage 
and a maximum input offset voltage drift. It requires low supply current yet maintains a large gain-bandwidth 


product and a fast slew rate. In addition, the matched high-voltage JFET input provides very low input 
bias and offset currents. 


The LF411C can be used in applications such as high-speed integrators, digital-to-analog converters, sample- 
and-hold circuits, and many other circuits. 


The LF411C is characterized for operation from O°C to 70°C. 


Operational Amplifiers BS 


symbol 
OUT 
AVAILABLE OPTIONS 
SMALL-OUTLINE CERAMIC DIP | PLASTIC DIP 
(D) (JG) (P) 
LF411CD LF411CJG LF411CP 
D package is available taped and reeled. Add ‘’R’’ suffix to device type. (e.g. 
LF411CDR) 
PRODUCTION DATA documents contain information z Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to | 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not : 2-9 
necessarily include testing of all parameters. NST RUMENTS 
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LF411C_ 
JFET-INPUT OPERATIONAL AMPLIFIER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sirinry. WOULOMR Pat ae ys. 3 SS ene sch sls. oe» Koa s Be bree Rw eed aie oP ee ee eS 18 V 
SUEY VOIMOOL EO Ce os! tl 250s Geeta ew eee sen ee 4 ede RR eee ap -18 V 
Diffarentianinpus VONag@e. Vil. en. a eR ee ee pees £6 aigeea +30 V 
thy Bf te 2% Sa Se an MEnareree < Slr eee wr my aa ere Ty +165 V 
Billy itlerciteyiy (iio 0. ul 43g ot! go 6) | geen Rt ae Pe Mrraibs Sesleri rin! ND Rte ret AO. spre Unlimited 
Continuous total power dissipation... ee a es eS beeen eres 500 mW 
Oneratnatenmeratire range 0. a ck se ee ee CDS en ee eae OSE +0: 70°C 
Stareae taiieorartsia tee S07) iyi a MSs ed se ea ee ee ee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, D or P package ......... 260°C 


2 


NOTE 1: Unless otherwise specified, the absoiute maximum negative input voltage is equal to the negative power supply voltage. 


electrical characteristics over operating free-air temperature range, VCC + = 15 V,VCC— = -15V 
(unless otherwise specified) 


PARAMETER TEST CONDITIONS 
V Input offset voltage Rg = 10 kQ, 
a 


10 
Average temperature coefficient 
VIO ; Rs = 10 kQ 
of input offset voltage 
lo Input offset current? 
lip Input bias current? 


VicR Common-mode input voltage range 


Vom Maximum peak output voltage swing L = 10 kQ £12 243.5 


: ; R 
Avp _ Large-signal differential voltage V 
CMRR Common-mode rejection ratio 
ksyR_ Supply voltage rejection ratio See Note 2 
lcc Supply current 
operating characteristics, Vcc + = 15 V, Vcc— = -—15 V, Ta = 25°C 


PARAMETER 
SR Slew rate 
By Unity-gain bandwidth 
n 
In 


siaipyduy jeuoijeiodg 


V Equivalent input noise voltage 
Equivalent input noise current 


T At least 90% of the devices meet this limit for ayjo. 

+ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques 
must be used that will maintain the junction temperatures as close to the ambient temperature as possible. 

NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously. 
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LF412C 
DUAL JFET-INPUT OPERATIONAL AMPLIFIER 


D2997, MARCH 1987—REVISED MAY 1988 


@ Low Input Bias Current D, JG, OR P PACKAGE 
Typically 50 pA (TOP VIEW) 
@ Low Input Noise Current OUT[]1 U sf] Vcc+ 
Typically 0.01 pA/./Hz AMP #1 <IN— []2 rag | 
, IN+ | |3 6L]IN-— > AMP #42 
@ aes ‘ 
Low Supply Current Typically 4.5 mA ani. <Dadis 


High Input Impedance 
Typically 1012 Q 


@ Internally Trimmed Offset Voltage 
Wide Gain Bandwidth . . . Typically 3 MHz 


2 


High Slew Rate... Typically 13 V/ys 


description 


This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage 
and a specified maximum input offset voltage drift. It requires low supply current yet maintains a large 
gain bandwidth product and a fast slew rate. In addition, the matched high-voltage JFET input provides 
very low input bias and offset currents. 


The LF412C can be used in applications such as high-speed integrators, digital-to-analog converters, sample- 
and-hold circuits, and many other circuits. 


The LF412C is characterized for operation from O°C to 70°C. 


symbol (each amplifier) 


Operational Amplifiers 


OUT 


AVAILABLE OPTIONS 


SYMBOLIZATION 


OPERATIN Vig MAX 
PACKAGE ° 10 


DEVICE TEMPERATURE RANGE | at 25°C 
SUFFIX 


LF412C | D,JG,P 0°C to 70°C 


The D packages are available taped and reeled. Add the suffix R to 
the device type when ordering. (i.e. LF412CDR) 


PRODUCTION DATA documents contain information 


- Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to 43 
specifications per ~ a of Texas monsenets TEXAS 2-11 
standard warranty. Production processing does n - 
necessarily include testing of ii parameters. INST RUM ENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


LF412€ 
DUAL JFET-INPUT OPERATIONAL AMPLIFIER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


DotA CRMC IORE OSs oc Ps Ses Tay 4) alk Wisc we ok ae ee ee ae ame ee eee 18 V 
SPRBEAES Ty WOMANI WEE Bena cs ons se ee owe wd ew 0 eh oe. ele ee eR ae Samet ORE SO -18 V 
EAVSROFOIitiGr Wipe VOM ety POR. cc ee sk wk es ne oo gb ay eR er oS Ee +30 V 
CGT ETE ROTI NON UOTE ore eon eo i.s Wie oe 0s 8 figs SIR eal > Any een itan eth eas +15 V 
eT abe gg: TRE TS GU a oe re varrenen Rares era cetnertrcm ry i ORT ea Unlimited 
Continuous total power diseination «.. 0. eee ve eee ek Pe ee Oe es 500 mW 
CCRT SAINTE LONIIG Sw oor ie oo sok wn eae oak OA OS pedi oe Se ee O°C to 70°C 
SUECEEI  UOTNIOOIRUAT TONG oo sa 5 ee es pin cay we 9a + 0 le ee eee -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, D or P package ......... zo0°C 


2 


NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 


electrical characteristics over operating free-air temperature range, VCC + = 15 V,VCC-— = -15 V 
(unless otherwise specified) 


PARAMETER TEST CONDITIONS 


Rg = 10k0, Ta 


Rs = 10k 


Pry=25ec | 80200] pa] 
Pyeate $s he 


sisyydwy jeuonessdg 


25 200 
18 200 


f = 1kHz, Rg = 1009 


T At least 90% of the devices meet this limit for ayjo. 

+ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques 
must be used that will maintain the junction temperatures as close to the ambient temperature as possible. 

NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously. 
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LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


D961, OCTOBER 1979—REVISED JUNE 1988 


Low Input Currents D, JG, OR P PACKAGE 


(TOP VIEW) 
e Low Input Offset Parameters 


N1/COMP[}1 ) sf] COMP 
IN— []}2 IE Vee + 
IN+ [13 6|.| OUT 


@ Frequency and Transient Response 
Characteristics Adjustable 


@ Short-Circuit Protection Veg 5| |] OFFSET N2 
@ Offset-Voltage Null Capability 
LM101A 
@ No Latch-Up W FLAT PACKAGE 
@ Wide Common-Mode and Differential a 


Voltage Ranges NC 


NC 


2 


@ Same Pin Assignments as uA709 


COMP 

@ Designed to be Interchangeable with VCC + e 
National Semiconductor LM101A and OUT A 
LM301A OFFSET N2 oe 
NC — 
description bad 
The LM101A, LM201A, and LM301A are high- LM101A < 
performance operational amplifiers featuring very U FLAT PACKAGE SS 
low input bias current and input offset voltage (TOP VIEW) _ 
and current to improve the accuracy of high- 2 
impedance circuits using these devices. The NC Lj@1 10)) NC os 
high common-mode input voltage range and the N1/COMP (]2 = 9|_J COMP © 
absence of latch-up make these amplifiers ideal IN- LJ3— 8L Vec+ a. 
for voltage-follower applications. The devices are IN+ [4 7] OUT oO 

protected to withstand short circuits at the Vec- Lj5 _6}_J OFFSET N2 


output. The external compensation of these 
amplifiers allows the changing of the frequency 
response (when the closed-loop gain is greater EK samainnen PACKAGE 
than unity) for applications requiring wider 


bandwidth or higher slew rate. A potentiometer Cea 

may be connected between the offset-null inputs = 

(N1 and N2), as shown in Figure 7, to null out the * & 

offset voltage. Of0O00 
2-<-2- Oe 

The LM101A is characterized for operation over == 


the full military temperature range of —55°C 


to 125°C, the LM201A is characterized for NC NC 
operation from —25°C to 85°C, and the LM301A IN — Vec+ 
is characterized for operation from 0°C to 70°C. NC NC 
IN + OUT 
symbol NC NC 
9 
NONINVERTING Oo }ONO 
INPUT IN+ OUTPUT 2 QA <2 
INVERTING > 
INPUT IN— NC —No internal connection 
N1/ N2 
COMP 


PRODUCTION DATA documents contain information a 
current as of publication date. Products conform to A, 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 2-13 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


Copyright © 1983 Texas Instruments Incorporated 
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LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


AVAILABLE OPTIONS 


CHIP CARRIER | CERAMIC DIP | PLASTIC DIP | FLAT PACK | FLAT PACK 
(FK) (JG) (P) (U) (W) 


The D package is available taped and reeled. Add the suffix R to the device type. (i.e., LM301ADR) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM101A LM201A LM301A UNIT 
Supply voltage Voc + (see Note 1) Es) SE aS a 
= 
- 


Supply voltage Vcc — (see Note 1) fe Pe ae Se 


18 
i oa ee 
Differential input voltage (see Note 2) 30 
+15 15 


V 

pecorino. 

| #30] 

Input voltage (either input, see Notes 1 and 3) ee Bi HE ee 
| =0.5to2 | 


Voltage between either offset null terminal (N1/N2) and Voc— 


Duration of output short-circuit (see Note 4) "unlimited | unlimited | unlimited | 


Continuous total power dissipation See Dissipation Rating Table 


Operating free-air temperature range | -55to125 | —25to85 | Oto 70 
Storage temperature range —65 to 150 | —65to 150 | —65to 150 


Cc 
Cc 
Case temperature for 60 seconds: FK package Cc 
Cc 
C 


ees 


Lead temperature 1,6 mm (1/16 inch) from case JG, U, or W package 

for 60 seconds Fs 

Lead temperature 1,6 mm (1/16 inch) from case D or P package ° 
for 10 seconds 


NOTES: 1.All voltage values, unless otherwise noted, are with respect to the midpoint between Voc+ and Voc-. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
4. The output may be shorted to ground or either power supply. For the LM101A only, the unlimited duration of the short-circuit applies 
at (or below) 125°C case temperature or 75°C free-air temperature. For the LM201A only, the unlimited duration of the short-circuit 
applies at (or below) 85°C case temperature or 75°C free-air temperature. 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING POWER RATING 
D 5.8 mW/°C 
FK 11.0 mW/°C 
JG (LM101A) 8.4 mW/°C 


PACKAGE 


JG (LM201A, 
LM301A) 


6.6 mW/°C 


N/A 
5.4 mW/°C 
8.0 mW/°C 
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LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, CC = 30 pF (see Note 5) 


Se Ce 
PFulrange[ S| 
Average temperature 
ayvio coefficient of input =0V Full range 3 15 6 30 
offset voltage 
lo. Input offset current Le cat sy 
Fulrenge | | 70 


Average temperature 
alo coefficient of input 
offset current 


LM301A 
MIN TYP MAX 
2 75 


= 
oO 


Ta = 0610 250 Reig ee ee 
Ta = 25°C 0700 EeeN Se Geet ese 


; 7 [70250 
a GE 70250] 
Fulrange | tO S80 


iB | 
Common-mode 

VicR See Note 6 Fullrange | +15 +12 V 
input voltage range 


Voor = s16¥, | 080 | te ae ee 
Masimum peak-to-peak PL=10K0 | Flange | es wSC*d’C, 
output voltage swing Vooz==15V, | a0 | 20 26 | 20 28 | 
AL = 2k0 ea a POEs 


Voc+ = +15 V, 25°C 
Large-signal differential ; 


voltage amplification 


AvD 


Input resistance 
Common-mode 
rejection ratio 

Supply voltage rejection ratio 


(4 Voc/A Vio) 


| Supply current No load, Vo = 0, 
oe we See Note 6 


t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for 
LM101A is —55°C to 125°C, for LM201A is —25°C to 85°C, and for LM301A is 0°C to 70°C. 
NOTES: 5. Unless otherwise noted, Vcc+ = +5 V to +20 V for LM101A and LM201A, and Voc+ = +5 V to +15 V for LM301A. All typical 
values are at Voc+ = +15 V. 
6. For LM101A and LM201A, Voc+ = +20 V. For LM301A, Voc+ = +15 V. 


eae 008 7080 
o-oo ee 
Pe eee ee ee 


i ae ae es es 


CMRR 
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Operational Amplifiers 
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LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK 


INPUT OFFSET CURRENT INPUT BIAS CURRENT OUTPUT VOLTAGE (WITH 
vs vs SINGLE-POLE COMPENSATION) 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE vs FREQUENCY 
4 100 a ae 
ree TT To } oe 
‘ Fe te aL aN A RE. —_ ae et 7 
{3 t 2 24 
- } CTI 
Fo F | A 
2 Sa eee UN 
; ; aed 
Oo: = a : NTN 
$ 2 eee SOE So 
ng -75 -—50 — -/3 =-30°— 25° 50 75 100 125 > 1k 10k 100 k 10M 
® Ta—Free-Air Temperature—C Ta—Free-Air Temperature—"C f—Frequency—Hz 
roy FIGURE 1 FIGURE 2 FIGURE 3 
= | 
ie OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL 
> DIFFERENTIAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
= vs vs VOLTAGE-FOLLOWER 
zz SUPPLY VOLTAGE FREQUENCY LARGE-SIGNAL PULSE RESPONSE 
aad 
D 
= 
” 


Ce 
eal | cal beecsees 
Ne eo 

ro MBL. 3 hs ke BS Ba 
ee ree ee oc Oa 
ET dees) Sa ae tae 
Pokey MaMa Slt 
tafe ofr i spe 


Soe ee 
RL =2kQ 
C_ = 100 pF 
Braman fin Aie 
| oureur_| i\ ta=2%¢ 


beef babe deere tes 
fe 


Input and Output Voltages—V 
° 


Avp-—Differential Voltage Amplification—V/mV 
Avp-—Differential Voltage Amplification 
a 
r) 
a) 


LM101A+—> 
: He ia : 
10 


10-1 -8 
Oo. 2 4 6 8) 40:42 45°16 18°20 1 10 100 1k 10k 100k 1M 10M 100M 0 10 20 30 40 50 60 70 80 90 
|Vec+ |—Supply Voltage—V f—Frequency—Hz t—Time—ps 
FIGURE 4 FIGURE 5 FIGURE 6 


TYPICAL APPLICATION DATA 


Vo, _R2 


Vi ORI 


R1 +30 pF 
Co>Ri+R2 


R1*R2 
R3 “RT +R2 


FIGURE 7. INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 


as 
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LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


D962, DECEMBER 1970—REVISED JUNE 1988 


Low Input Currents LM107...J OR W PACKAGE 


(TOP VIEW) 


& 
@ No Frequency Compensation Required 
@ Low Input Offset Parameters 

@ Short-Circuit Protection 

@ No Latch-Up 


@ Wide Common-Mode and Differential 
Voltage Ranges 


description 
LM107... JG PACKAGE 
The LM107, LM207, and LM307 are high- LM207, LM307...D, JG, OR P PACKAGE 
performance operational amplifiers featuring very (TOP VIEW) 


low input bias current and input offset voltage 
and current to improve the accuracy of high- 
impedance circuits using these devices. 


The high common-mode input voltage range and 
the absence of latch-up make these amplifiers 
ideal for voltage follower applications. The 
devices are short-circuit protected and the 
internal frequency compensation ensures 
stability without external components. 


LM107...U FLAT PACKAGE 
(TOP VIEW) 


The LM107 is characterized for operation over 
the full military temperature range of —55°C 
to 125°C, the LM207 is characterized for 
operation from —25°C to 85°C, and the LM307 is 
characterized for operation from 0°C to 70°C. 


NC —No internal connection 


symbol 


NONINVERTING 

INPUT IN+ 
INVERTING 
INPUT IN— 


OUTPUT 


AVAILABLE OPTIONS 
a APES ee cores OE. ER OY ii ae 
Ta MAX | SMALL OUTLINE CERAMIC CERAMIC DIP PLASTIC DIP FLAT PACK FLAT PACK 
a ere er | oe 
0°c 
70°C 


sig 
LM207D LM207JG LM207P 
aa 
rine 
LM107J LM107JG LM107U LM107W 
1 ae 


The D package is available taped and reeled. Add the suffix R to the device type when ordering. (e.g., LM307DR) 


PRODUCTION DATA documents contain information 

— - of era Se date. ory — : Ti wid 
specifications @ terms of Texas Instruments 

sanioed ariants: Production processing does not EXAS 


Copyright © 1984, Texas Instruments Incorporated 
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LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


a=) 
® 
= 
q) 
a. 
eS) 
3 
2. 
> 
3 

2 
= 
® 
=| 
” 


| LM107 


[Supply volage Voo—(seeNote 1) _—=SC~<C~“~<~S~*‘“‘“‘“‘~d SS ~*dYSCYSY 
[Duration of output shor-circut eee Note 4) —=SCSC*~*~*~*~S~*s mite mite | nimited | 


Operating free-air temperature range -55to125 | -25to85 | O0to70 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J, JG, U, or 300 
W package 


LM207 LM307 UNIT 
22 


Supply voltage Voc+ (see Note 1) 


Continuous total dissipation See Dissipation Rating Table 


—65 to 150 —65 to 150 —65 to 150 


Storage temperature range 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P 
package 


. All voltage values, unless otherwise noted, are with respect to the midpoint between Voc+ and Vcc-. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 

4, The output may be shorted to ground or either power supply. For the LM107 only, the unlimited duration of the short-circuit applies 
at (or below) 125°C case temperature or 75°C free-air temperature. For the LM207 only, the unlimited duration of the short-circuit 
applies at (or below) 85°C case temperature or 75°C free-air temperature. 


DISSIPATION RATING TABLE 


DERATING DERATE Ta = 70°C Ta = 85°C Tp = 125°C 
FACTOR ABOVETa | POWERRATING POWERRATING POWER RATING 


Ta < 25°C 


PACKAGE 
POWER RATING 


D 
J (LM107) 
JG (LM107) 


JG (LM207, 


5.8 mW/°C 
11.0 mW/°C 
8.4 mW/°C 


6.6 mw/°C 


LM307) 


N/A 
5.4 mwW/°C 
8.0 mW/°C 
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| LM107, LM207, LM307 
| HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature (see Note 5) 


ly volt 
ksvr rejection ratio < 
: : 


Tt All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for 
LM107 is —55°C to 125°C, for LM207 is —25°C to 85°C, and for LM307 is 0°C to 70°C. 
NOTES: 5. Unless otherwise noted Voc+ = +5 Vto +20 V for LM107 and LM207, and Voc+ = +5 V to +15 V for LM307. All typical values are 
at Voc+ = +15 V. 
6. For LM107 and LM207, Voc+ = +20 V. For LM307, Voc+ = +15 V. 


(4 Vec/A Vio) 


Vo = 0, 
See Note 6 


loc Supply current 


LM107, LM207 LM307 
PARAMETER TEST CONDITIONST UNIT 
MIN TYP MAX | MIN TYP MAX 
RE a a Cea 
V Input offset voltage Vo =0 ee V 
ee or Full range ein Taman oa 
Average temperature 
aVvio coefficient of Vo =0 Full range 3 15 pVv/°C 
input offset voltage 
250 sop. oe 
lo Input offset current Vo =0 re | nA 
Gm el 
Ta = ~55°C 10 25 ee” Fo eae See y) 
Si iho ein nemmmes EE i: aR ae pe 
Ql] Icient O —— = 
input offset current aA = he aan RES 0.02 06 pai 
Sh Se NRE Baie Bae! 8S - 
| a 70 20) 34, ae 
2 Full range We ee = 
Common-mode Oo 
VICR : See Note 6 Fullrange | +15 +12 V i 
input voltage range oo 
Voce = #16V, ae er ok, ee < 
Vepe Maximum peak-to-peak | RL = 10 kA Ch as ER ree 
OPP output voltage swing icia 518M, ee 4 ee | a © 
ee ee eee 6 
i si | 0 20 | | ® 
in Large-signal differential | aro | VimV © 
voltage amplification rb) 
Inia resistance Pe ed ee ee ee 
Common-mode 25°C 80 98 
jon ee Wie= Vigna! Soe 
rejection ratio eo oe 
: : a 


= 
x 
io 
i) 
a 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 


D2808, OCTOBER 1983 — REVISED MARCH 1989 


@ Input Offset Current... 200 pA Max at 25°C P PACKAGE 
for LM108, LM108A (TOP VIEW) 
@ Input Bias Current... 2nA Max at 25°C for comP1[]1 } s[] comp2 


LM108, LM108A 


@ Supply Current...600 WA Max at 25°C for 
LM108, LM108A 


® Input Offset Voltage... 500 1. V Max at 25°C 
for LM108A, LM308A 


L PACKAGE 
(TOP VIEW) 
® Offset Voltage Temperature Coefficient... COMP2 


5 wV/°C Max for LM108A, LM308A 
@ Supply Voltage Range...+2Vto+18V 


@ Applications: 
integrators 
Transducer Amplifiers 
Analog Memories 


Operational Amplifiers a 


Light Meters NC — No internal connection 
. Pin 4 (L package) is in electrical contact 
@ Designed To Be Interchangeable with with the case. 
National LM108 Series and Linear 
Technology LM108 Series symbol 
description IN + 

The LM108 series of precision operational wit OUT 
amplifiers is particularly well-suited for high- 
source-impedance applications requiring low COMP2 


; COMP1 
input offset and bias currents as well as low 


power dissipation. Unlike FET input amplifiers, 

the input offset and bias currents of the LM108 

series do not vary significantly with temperature. Advanced design, processing, and testing techniques make 
this series a superior choice over previous devices. For applications requiring higher performance, see the 
LT1008 and LT1012. 


The LM108 and LM108A are characterized for operation over the full military temperature range of —55°C to 
125°C. The LM308 and LM308A are characterized for operation from 0°C to 70°C. 


AVAILABLE OPTIONS 


Pee 
(L) (P) 

— 

om 

nae e 

pe 


PRODUCTION DATA documents contain information Copyright © 1989, Texas Instruments Incorporated 
— ~ of —_— date. bh mae oe : 4 

specifications per the terms of Texas Instrumen 

standard warranty. Production processing does not ; EXAS 2-21 
necessarily tore testing of all parameters. NSTRUM ENTS 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 


schematic 
COMP1 COMP2 
ae me 

ul ca cs 

eee is 
2 IN- aaa 
x?) 
@ 
= 
© 
&. 
(@) IN+ 
he 
o 
= Vec- 
=r . . 
Oo All resistor values shown are nominal and in ohms. 
= 
~” 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage, Voc; (see Note 1): LIMI08, LMTOGA' oe veep ants weep ae eae se se oe ye ss 20 V 
CaO: CRASOG Re ares as eta SNA Me apices ae eT hae 18 V 

supply voltage, Vee. (see Note-1): LMIIOR LMIQGAT | is i. sw ve Ue tenes Sa eaie a Vga 5 ax —20V 
NC, CP Ss Lec Yonsei ie ne hg \ tee toe ee Ree -18 V 

Smee ViNEAtS@ TERRI, A COE TUNE Yop dias Pkg coin a ne en vie Swe es oo wlan § Alp ens, gcse alg eae a gt +15 V 
NGranual INDUT CLNTGT 1SG6 TWOUES a GI A) oe ses 8's oa wee os ie ce uke wie aie Sie Me aay ele yess +10 mA 
Duration of output short-circuit at (or below) 25°C (see Note 5)............... 00.00 eee eee unlimited 
Operating free-air temperature, Ta: LM108, LM108A .......... 0... cece -—55°C to 125°C 
EEE ONIN cs 6. ae PP 5G CEES cl 0°C to 70°C 

Storage tomperature range. ...... o/s. BET IAL RGA Nee cans a ee eens —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: L package ................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ................... 260°C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Voc, and Voc_. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
3. The inputs are shunted with two opposite-facing base-emitter diodes for over-voltage protection. Therefore, excessive current will 
flow if a differential input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is used. 
4. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
5. The output may be shorted to ground or either power supply. 


2-22 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


LM108, LM108A 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc+ = +5 V to +20 V (unless 


otherwise noted) 


LM108A LM108 

R TEST CONDITIONS eel ae 

PARAMETE EST CONDITIO dai TYP MAX MIN” TYP ai UNIT 
= 500 


I cieexcchane 03 05 
eel 


Temperature coefficient 
Full 15 v/°C 
“VIO _of input offset voltage ae CI 


a a Se Rg 
Input offset current es 25 
Mamet 04) Oe 
Temperature coefficient 
P Full range pA/°C 
of input offset current 


ies ne eee re ee 
Input bias current rete — 
Mine et 


Common-mode input 
V = ti5V Full +1 +13.5 V 
voltage range Se See 
Maximum peak output Voc+ = +15 V, 
+1 13 
VOM voltage swing Ry = 10kQ ache es . = v 


f ial | V +15 V, P 
Large-signal differentia CC+ = 80 300 50 300 ite 


A 
VD Voltage amplification Vo = £10 V, Rp 210 k=: Full range’ f= 40 Oe eV | eaBoltinms sorte | 
a a a 076 


Common-mode 
rejection ratio 
ly-vol 
Supply-voltage rejection Fak. tance 
ratio (AVoc+ / AVic) 
25° 03° = 08 0.3 -3-0:6 
Supply current 
125°C 015° =.6:4 0.15 0.4 


TFull range is —55°C to 125°C. 


2 


Operational Amplifiers 
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LM308, LM308A 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc+ = +5 V to +15 V (unless 
otherwise noted) 


ele LM308 
At 
PARAMETER TEST CONDITIONS TYP MAX MIN ua MAX UNIT 


RA ST I 
Input offset voltage ae 
ee ee Full range 
Temperature coefficient 
Full ran 6 30 V/°C 
of input offset voltage meee ee ES 
25° aoe oe tL. 
Input offset current 
Full range 


Temperature coefficient 
Full ran 10 A/°C 
of input offset current SRC aes ee eT) 
Input bias current i 
8 
ee me 


Common-mode input 
. Vecs = +15V Ful 
Maximum peak output gee +15 V, Full range a ie : 
voltage swing = 10kQ + 


crge agra arena | Vooa = 215 a A 

Ayp _Lavoesia CCt= | 25°C | VimV 
voltage amplification Vo = +10 V, Rp 210kQ | Full range 2} 

Se 


Common-mode 
Full range 
rejection ratio 
Supply-voltage rejection 
ksy Full range 
SVR ratio (AVecs / AVI) wed he 
Supply current ea eS 2 ae 03 08 03 08 


TFull range is 0°C to 70°C. 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


TEMPERATURE COEFFICIENT 


EQUIVALENT INPUT OFFSET VOLTAGE OF EQUIVALENT INPUT OFFSET VOLTAGE 
VS VS 
MATCHED SOURCE RESISTANCE MATCHED SOURCE RESISTANCE 


: 


TC (oa ene ee nenenente natn ne gage meneame mene te essen 


fone en eon oD eee oe i BBS 
iad Becks aoaw as gies beRgh Apes iene oii eased. 2 ie 
aae i aoc © 4001 Ta = MIN to MAX — th Lt tt 
— oat i > na 
E Coon oni 7 mM P i 
3 alg CN Tn 
$10 EH ANZA woof || Vi 
s 
S OE ee a 8 es 3 
r 4 i a ed Sw | A Hn Ear aa oO 40 
® 
5 onetime 2 
; hetero 
3 1 [twaoea st 2 10 aril Je 
ees! ee ee e 
2 =e oa lg ata 
Bis i 3 2 LM108 a 
3 


ee | 
a1 Eon - 
0.1 40 100 0.1 40 100 
ec ac a i — MQ pee ahem LS - MQ 
FIGURE 1 FIGURE 2 


Operational Amplifiers a 


LM108, LM108A 


INPUT BIAS and OFFSET CURRENTS SUPPLY CURRENT 
VS VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
< 
. 
4 
e 
3 
S a 
= 1 
3) - 
ol ec 
a é 
c 3 
a Oo 
yg 
¢ 5 
0 ” 
g Q 
5 2 
= 
2 
5 
a oO 
S -55 -35 -15 5 25 45 65 85 105 125 +5 £7.5°° R10 2125 --415 £175 £20 
Ta — Free-Air Temperature — °C Vcoc+ — Supply Voltage — V 
FIGURE 3 FIGURE 4 


tData above 70°C, below 0°C, or from Voc+ = +18 V to +20 V are applicable to LM108 and LM108A devices only. 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


MAXIMUM PEAK OUTPUT VOLTAGE SWING MAXIMUM PEAK OUTPUT VOLTAGE SWING 
vs vs 
FREQUENCY OUTPUT CURRENT 
+16 +15 
Vec+ =t15V —— 
+14¢-\ 1 1 Troms Ta = 25°C Na 


See Figure 13 


Ta = 25°C 
Ta = 125°C 


AL 
Tanna 


> > 
z z 
b b 
2 : 
Ue S +10 
> +10 ie 
a 8 
6's 6 +75 
x x 
© 0] 
E g i 
i” Pes tee cee 
= = +25 
| $e2 | 
AS : - ob Voc+ = +15V 
1k 10k 100 k 1M £1°'32 (29 28-25 86) 27 282 £0 
f — Frequency — Hz lo — Output Current - mA 
FIGURE 5 FIGURE 6 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
DIFFERENTIAL VOLTAGE AMPLIFICATION and PHASE DELAY 
VS vs 
SUPPLY VOLTAGE FREQUENCY 


@ — Phase Delay 


pe Vec+ = $15V 
Ta = 25°C 
See Figure 13 
90 
+5 #125 +215 rie +20 1 10 100 1k 10k 100k 1M 10M 
goa — Supply Voltage — f — Frequency - Hz 
FIGURE 7 FIGURE 8 


Ayp — Differential Voltage Amplification — dB 
Ayp — Differential Voltage Amplification — dB 


tData above 70°C, below 0°C, or from Voc+ = +18 V to +20 V are applicable to LM108 and LM108A devices only. 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SUPPLY VOLTAGE REJECTION RATIO 
VS 
FREQUENCY 


Pe is Cc 
See Figure 13 


Nea 


ksyvpR — Supply Voltage Rejection Ratio — dB 
Zo — Output Impedance — 


100 1k 10k 100 k 1M 10M 10 
f — Frequency — Hz 


FIGURE 9 


EQUIVALENT INPUT NOISE VOLTAGE 
VS 
FREQUENCY 


1000 


SR Sn a |) en A oe a ee BS 

Foon i i sree 

Voces = 215 V rr 

- 25°C S061 een 
A= men Sara Be) 


a a 
Bilignira 
meat 


Se MS 2 1 A ee 
Nene i Bs, Rg = 100kQ_[ Cy Ee 


400 


100 


ee HS -2 
| 

40 rin e 
—Ht i ee=of TT TT 


Input and Output Voltage — V 


10 a i a oil 


10 10k 100 k 
re aes Hz 


Vn — Equivalent Input Noise Voltage — nV/VHz 


FIGURE 11 


TEXAS 
INSTRUMENTS 


en is Ve eee 
aes ne 
|: Eee 
Ge sees eos alae Ee 


CLOSED-LOOP OUTPUT IMPEDANCE 


VS 
FREQUENCY 


Vec+ = +t15V 
lo=+1mA 
Ta =.25°C 

See Figure 13 


100 1k 10k 100k 1M 10M 
f — Frequency — Hz 


FIGURE 10 


Operational Amplifiers ae 


VOLTAGE FOLLOWER 
PULSE RESPONSE 


0 20 40 60 80 100 120 140 160 180 
t-— Time — ps 


FIGURE 12 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


frequency compensation 


Figure 13 shows the frequency compensation circuits for standard compensation, alternate-compensation, and 
feed-forward compensation. The alternate compensation circuit improves supply voltage rejection by a factor 


of ten. 
C2 
5 pF 
IN- IN- 
OUT 
IN+ IN+ 
100 pF C3 
C C1 
(ose Note'A) if (see Note B) | 500 pF L10pF 
(a) STANDARD (b) ALTERNATE (c) FEED-FORWARD 


NOTES: A. Cf 2 R1CoQ/(R1 + R2), Co = 30 pF, bandwidth and slew rate are proportional to 1/Cy. 
B. Bandwidth and slew rate are proportional to 1/Cg.. 


FIGURE 13. FREQUENCY COMPENSATION CIRCUITS 


siayyduy jeuoieiedg ee 


input guarding COMP2 
re Vec+ COMP1 
Input guarding is used to reduce surface leakage i 
(see Figure 14). Both sides of the board must be XN A 
guarded. Bulk leakage reduction is less than 7 78, 
surface leakage reduction and depends on the 6 : 


guard-ring width. The guard ring is connected to a NC O05 

low-impedance point at the same potential as the 

sensitive input leads. Connections for various op- y A 

amp configurations are shown in Figure 15. Voc - 
GUARD 


R1 R2 
IN 


FIGURE 14. INPUT GUARDING 


OUT RI R2 
LM108 
OUT OUT 
= IN LM108 IN LM108 


(a) INVERTING (b) FOLLOWER (c) NONINVERTING 
FIGURE 15. GUARD RING CONNECTIONS FOR VARIOUS OP AMP CONFIGURATIONS 


EXAS 
oat INSTRUMENTS 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


input protection 


Current is limited by R2 even when the input is connected to a voltage source outside the common-mode range 
[see Figure 16(a)]. If one supply reverses, current is controlled by R1. These resistors do not affect normal 
operation. The input resistor controls the current when the input exceeds the supply voltages, when the power 
for the op amp is turned off, or when the output is shorted [see Figure 16(b)]. 


R3 
IN 


RI 
10kQ 4o ka OUT 
4 IN LM108 


(a) CURRENT LIMITED BY R1 OR R2 (b) CURRENT LIMITED BY R1 
FIGURE 16. INPUT PROTECTION 


input offset voltage testing 


The test circuit for input offset voltage is shown in Figure 17. This circuit is also used as the burn-in configuration 
with supply voltages equal to+20 V,R1 = R3 = 10 kQ, R2 = 200, AV = 100. 


NG 
2 
Operational Amplifiers oS 


NOTE A: Resistors must have low thermoelectric potential. 


FIGURE 17. TEST CIRCUIT FOR INPUT OFFSET VOLTAGE 


wy 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


NOTE A: Q1 and Q3 should not have internal 
gate-protection diodes. 


FIGURE 18. LOW-DRIFT INTEGRATOR 
WITH RESET 


NOTE A: R2>Ri1, R2>>R3, 
Ay = R2(R3 + R4)/RIR3. 
FIGURE 20. INVERTING AMPLIFIER 
WITH HIGH INPUT RESISTANCE 


SAMPLE 
C1 


(see Note A) YS 30 pF 


NOTES: A. Teflon, polyethylene, or poly- 
carbonate dielectric capacitor. 
B. Worst case drift is less than 2.5 mV/s. 


FIGURE 22. SAMPLE-AND-HOLD 
AMPLIFIER 


EXAS 
INSTRUMENTS 


NOTE A: R1 = R2R3/(R2 + R3). 


FIGURE 19. AMPLIFIER FOR 
BRIDGE TRANSDUCERS 


30 pF 


TRANSDUCER 


fond 
* 


FIGURE 21. AMPLIFIER FOR 
PIEZOELECTRIC TRANSDUCERS 


NOTE A: Ig = (R3)V/RIR5 | 
R3 = R4+R5 
R1 = R2 


FIGURE 23. BILATERAL 
CURRENT SOURCE 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


Vo = 10 V/nA 


IN+ 


NOTE A: Ri = R4, R2 = R3, Ay = 1+R1/R2 


FIGURE 24. AMPLIFIER FOR FIGURE 25. DIFFERENTIAL-INPUT 
PHOTODIODE SENSOR INSTRUMENTATION AMPLIFIER 
C5 
(see Note A) 


IN — 


R1 
150 kQ 


Operational Amplifiers ee 


A. C5 = 6x 107 8/Ry 

B. Power bandwidth = 250 kHz 

C. Small-signal bandwidth = 3.5 MHz 

D. Slew Rate = 10 V/us 

E. The LM101 increases speed, raises high- 
and low-frequency gain, increases output 
drive capability, and eliminates thermal 
feedback. 


FIGURE 26. FAST SUMMING AMPLIFIER 
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(LM2902 ...3 V to 26 V), (TOP VIEW) 
or Dual Supplies 
AMPL AMPL 
@ Low Supply Current Drain Independent of #1 #4 
Supply Voltage . . . 0.8 mA Typ 
@ Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing AMPL AMPL 
near Ground #2 #3 
@ Low Input Bias and Offset Parameters: ? 
Input Offset Voltage... 3 mV Typ LM124 
A Versions ... 2 mV Typ FK CHIP CARRIER PACKAGE 
Input Offset Current... 2 nA Typ (TOP VIEW) ” 
Input Bias Current... 20 nA Typ ie a) 
a om 
A Versions ... 15 nA Typ Zo o¢€ baad 
e-~- © Ff ¢ se — 
@ Differential Input Voltage Range Equal to we Ze na 
Maximum-Rated Supply Voltage . . . 32 V =i = 
(26 V for LM2902) #1IN+14 18L) #4 IN+ < 
@ Open-Loop Differential Voltage Nc {j5 17()NC 14°) 
Amplification . .. 100 V/mV Typ Vec ps6 16(] GND © 
©) 
© Int 1F Cc ti NC {j7 15LINC — 
nternal Frequency Compensation #2 IN+H8 147] #3 ING o 
Dre 
description aotanVasWes 4 
FOF 
These devices consist of four independent, high- z rs = 3 - '@) 
gain frequency-compensated operational Na O@ 6 
amplifiers that were designed specifically to Te sae 
operate from a single supply over a wide range NC—No internal connection 
of voltages. Operation from split supplies is also 
possible so long as the difference between the symbol (each amplifier) 
two supplies is 3 V to 30 V (for the LM2902, 
3 V to 26 V), and Pin 4 is at least 1.5 V more 
a> 5 INVERTING 
positive than the input common-mode voltage. INPUT IN— 
The low supply current drain is independent of NONINVERTING OUTPUT 
the magnitude of the supply voltage. INPUT IN+ 


Wide Range of Supply Voltages: 
Single Supply .. . 3 V to 30 V 


Applications include transducer amplifiers, d-c 
amplification blocks, and all the conventional 
operational amplifier circuits that now can be 
more easily implemented in single-supply-voltage 
systems. For example, the LM124 can be 
operated directly off of the standard 5-V supply 
that is used in digital systems and will easily 
provide the required interface electronics 
without requiring additional + 15-V supplies. 


The LM124 is characterized for operation over 
the full military temperature range of —55°C 
to 125°C. The LM2902 is characterized for 
operation from —40°C to 105°C, the LM224 
and LM224A from —25°C to 85°C, and the 
LM324 and LM324A from O°C to 70°C. 


LM124, LM224, LM224A, 
LM324, LM324A, LM2902 
QUADRUPLE OPERATIONAL AMPLIFIERS 


D1990, SEPTEMBER 1975—REVISED JANUARY 1989 


LM124...J OR W PACKAGE 
ALL OTHERS ...D, J, OR N PACKAGES 


PRODUCTION DATA documents contain information Copyright © 1979, Texas Instruments Incorporated 


current as of publication date. Products conform to Ti 


Bas aaniiens teadertins mananien dane uxt EXAS ag 
i paramel INSTRUMENTS 


necessarily include testing of all parameters. 
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LM124, LM224, LM224A, 
LM324, LM324A, LM2902 
QUADRUPLE OPERATIONAL AMPLIFIERS 


AVAILABLE OPTIONS 


Vio MAX 
T Mngt: SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP FLAT PACK 
(D) (FK) (J) (N) (W) 
0 
7 


& 
C 7 mV LM324D LM324J LM324N 
fe) 
0°C 3 mV LM324AD 
ie) 


° 
t 
t 


LM324AJ LM324AN 


~ 25 °C 5 mV LM224D LM224J LM224N 

-40°C 

105°C 
—65°C 

to 5 mV —— LM124FK LM124J gor LM124W 
125°C 


The D package is available taped and reeled. Add the suffix R to the device type when ordering. (e.g., LM324DR) 


Vcc 
=6 uA 100 vA 
CURRENT CURRENT 
REGULATOR REGULATOR 
INVERTING OUTPUT 
INPUT 
NONINVERTING =50 uA 
INPUT cae CURRENT 


schematic (each amplifier) 


=6 uA 
CURRENT 
REGULATOR 


siaiyduiy jeuonessdg WS 


REGULATOR 


GND 
TO OTHER 
AMPLIFIERS 
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LM124, LM224, LM224A, 
LM324, LM324A, LM2902 
QUADRUPLE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM124 
LM224, LM224A, LM2902 UNIT 
LM324, LM324A 
ee ee 
Duration of output short-circuit (one amplifier) to ground at (or below) 
25°C free-air temperature (Vcc =< 15 V) (see Note 3) | unlimited | untimited J 


Continuous total dissipation See Dissipation Rating Table 


(M24 Crise y) 
eee ea ae ee ae 
BL aa MR LN RS 
Piwegod SN ee woe | 
[Storage temperaturerengeSSCSC~<“~*~*~“‘“‘~*~“‘“‘“~*~*‘“‘*~*sCSC‘C HO TSO OS tO TSO | PC 
epedage | 280 
Lead temperature 1,6 mm (1/16 inch from case for 60 seconds| J or W package] __300.~—~+(| 300—~«| °c 
[Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds| D or N package 260 +| 260+ | °c _ 


NOTES:1. All voltage values, except differential voltages and Vcc specified for the measurement of Ios, are with respect to the network 
ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 


DISSIPATION RATING TABLE 


Ta <= 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING POWER RATING 
D 7.6 mW/°C 
FK 11.0 mW/°C 


PACKAGE 


Operational Amplifiers 


J (LM124) 11.0 mW/°C 
J (all others) 8.2 mW/°C 
N 9.2 mW/°C 

WwW 8.0 mW/°C 
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electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


eS ae | _LM124, LM224 


T DITIONSt 
sil caste wc MIN TYP MAX | MIN TYP MAX | MIN TYP MAX 
Vio Input offset voltage 


Vic = VICR min, 


O 
l input offset t Vo = 1.4 V 
Full range 
RE : ee Pe 
nput bias curren = 
IB s 0 Full range 
L => 


Common-mode input 
voltage range 


VICR 


0 to 0 to 
Vcc = 5 V to MAX 1. Vv 
0 to 0 to 0 to 
Full range 
Voc-2 Voc-2 Voc-2 


i: 2 es wa 
Voc = MAX, Ry = 10 ko EES ee SE 0 
Ft te ene 


VoL Low-level output voltage |R}<10k9 ~~‘ ‘Full range 
Vo = 1Vto11V, 
Full range 


Ry = 2 ko 


CMRR Common-mode rejection ratio | Vic = VicR min 
k Supply voltage rejection 25°C 
SVR ratio (AVcc/AVjoC) 
Vor/Vo2 Crosstalk attenuation [f= 1kH2to20kKHz | 25°C 
Full range 
Full range 
Vip = -1YV, 25°C 
Vo = 200 mV 
' Short-circuit Vcc at 5 V, 25°C 
OS output current GND at -5 VVo = O 
Vo = 2.5 V, 
Oo Full range 
No load 


Vcc = MAX, 
Full range 


Vo = 0.5 Vcc. 
No load 
T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. ‘‘MAX"’ Vcc for testing purposes 
is 26 V for LM2902, 30 V for the others. Full range is - 55°C to 125°C for LM124, —25°C to 85°C for LM224, 0°C to 70°C for LM324, and — 40°C to 105°C 
for LM2902. 


VOH High-level output voltage 


< 
ie) 
oO 
-_ 
a 
~ 


Large-signal differential 


A 
VD voltage amplification 


m® 
oa 
a 
: 
© 
°o 


| 
f°.) 
| 
ND 
° 
I 
w 
°o 
| 
| 
NS 
°o 
I 
i) 
°o 
| 
D 
io) 


70 
65 
—20 


Output current 


1 
= +6 


— 
wy | Oo 
He 
° 
re 
Ht 
ee er 
H 
° 
418 
-~ 1% 
O-"“i--© 


80 
00 
30 
40 
0.7 


Supply current 
(four amplifiers) 


Icc 
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COGZINT ‘DZEINT ‘bZZINT ‘DZLIT 


$97SZ SVX3L ‘SVTIVG » ZL0SS9 XO 39i440 1SOd 


SLNAWNULSNI 


dye SVXAL 


LE-¢ 


electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


rs 
Vio Input offset voltage Vic = VICR Min, mV 
TR: Rk RE WS ERR WR" Y 
fon mame oe ee 
Er Cc ee ee 
ies EN RES 
, 
ices Common-mode input Vec = 30V Vec-1.5 Vec-1.5 y 
voltage range 0 to 0 to 
Full range 
ccs eas eee 
VoH High-level output voltage re 
[Vor Low-level output voltage | Ri=10K9  —+| Fullrange | = 20 = «0 | mv 
Large-signal differential se caa ti Wie. aaa eek eae 
BOD pe eroded emer ve re ape eres hited 
RL = 2 kQ 


CMRR —_ Common-mode rejection ratio} Vic = VicR min 70 ~—«80 65 80 
ete — voltage rejection 25°C 
ratio (AVCC/AVjio¢) 
Paiweecte | ge. fs a oy ee 


+ 


Vo1/Vo2 Crosstalk attenuation 


Full range 


Output current 


30 
10 20 
ce 
Vip = -1YV, 
Vo = 200 mV 
' Short-circuit Vcc at 5 V, 25°C eae! cats ae 
abi output current GND at -5 V, Vo = O ve 
: E : 


ae i = 2 } Full range 


No load 
TAIl characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is — 25°C 


to 85°C for LM224A and O°C to 70°C for LM324A. 
Operational Amplifiers 


Supply current 


I 
ce (four amplifiers) 
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LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 


D2551, OCTOBER 1979—REVISED MAY 1988 


uA741 Operating Characteristics LM148 .. . J PACKAGE 
LM248, LM348 .. . D, J, OR N PACKAGE 
(TOP VIEW) 


Low Supply Current Drain. . . 0.6 mA Typ 
(per amplifier) 


Low Input Offset Voltage 

Low Input Offset Current 

Class AB Output Stage 
Input/Output Overload Protection 


Designed to be Interchangeable with National 
LM148, LM248, and LM348. 


2 


LM148. .. FK PACKAGE 
description (TOP VIEW) 


The LM148, LM248, and LM348 are quadruple, 


3 Sipe eee 

independent, high-gain, internally compensated =O OF 

operational amplifiers designed to have operating se 3 S adie 

characteristics similar to the uA741. These on go ge 

amplifiers exhibit low supply current drain, and ‘Onc 

input bias and offset currents that are much less #TIN+ |} 4 18U] #4 IN+ 

than those of the uA741. ise '7UNC 
Vec+ pé '6U Vcc - 

The LM148 is characterized for operation over Nc? i5f] NC 


the full military temperature range of —55°C #21IN+ 8 


14[] #3 IN+ 
to 125°C, the LM248 is characterized for 


Operational Amplifiers 


a 
operation from — 25°C to 85°C, and the LM348 wth 
is characterized for operation from O0°C to 70°C. = 2 os = M 
symbol (each amplifier) me 


NONINVERTING NC—No internal connection 
INPUT IN+ 
OUTPUT 
INVERTING 
INPUT IN— 


AVAILABLE OPTIONS 
Vio MAX 
(D) (FK) (J) (N) 
0°C 
to 6 mV LM348D LM348J LM348N 

7O°%C 

—- 25°C 

85°C 

- 55°C 
l= | [om [=| 

125°C 
The D package is available taped and reeled. Add the suffix R to the device type when ordering. (e.g., 
LM348DR) 


current as of publication date. Products conform to 
specifications per the terms. of Texas Instruments 
standard reg hie Production processing does not 
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LM148, LM248, LM348 | 
QUADRUPLE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Operating free-air temperature range 
Storage temperature range 


Case temperature for 60 seconds FK package 
Lead temperature 1,6 mm (1/16 inch) 
J package 
from case for 60 seconds 
Lead temperature 1,6 mm (1/16 inch) 
D or N package 
from case for 10 seconds 
NOTES:1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc -_. 


2. Differential voltages are at the noninverting input terminal with respect to the inverting terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or the value specified in the table, 
whichever is less. 

4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure 
that the dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVETa POWERRATING POWERRATING POWER RATING 
D 900 mW 7.6 mW/°C 
FK 900 mW 11.0 mW/°C 


PACKAGE 


O 
2) 
® 
= 
o) 
S. 
3S 
5 
2 
> 
3 
3 
= 
® 
=] 
v 


J (LM148) 900 mW 11.0 mW/°C 
J (LM248, LM348) 900 mW 8.2 mW/°C 
N 900 mW 9.2 mW/°C 
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Lv-c 


electrical characteristics, VCC + = +15 V 


LM148 LM248 
PARAMETER TEST CONDITIONS? a ae 
MIN TYP MAX; MIN TYP MAX | MIN TYP MAX 


¢ 
< 
3 


rae rae ee et ee 
SaaS 3 450 


Ww 
2) 
N 


0 


o 


Vo = 0 
) seasssb wileuailaliass eS 
nput offset curren = 
Das : 0 a GN: 8 NAN 
| paneee ; EES Hea ic ae Ra 30___200 
n ias curren = 
iB esa ut : ine. daa SE 8 PS Re 


Common-mod 
input voltage range 


RL = 10 kQ +12 +13 +12 +13 +12 +13 

vi Maximum peak output L 

voltage swing 210212 

R 

voltage amplification RL = 2 kQ b Fula @6 
a nen Oe 
M 
MRR 


a 
o 


H+ 

—_ 

ro) 

< 

~ ND 
on on 
° ° 
ie) (@) 
° oO 
fe} ro) 
—_— 

N ro 
ol ie) 
~) 

o 

—_ 

o 

(oe) 

o N 
© a 
oh 

N o 
Hi 


by Phase margin favost op Bete SN cos 


el: 
Avp = 1 
C Common-mode Vic = VICR min 70 90 
rejection ratio Vo = 0 Full range 
Vo =0 


~ 
2) 
© 
o 
~ 
oO 
i<e] 
12) 


~N ~ 
| : 
NMININ 
STN] O 
I+ 
Nh <2) 
Oo 


IV 
oO 
x 
~~ 
c 
= 
® 
= 
io} 
@ 
+ 
— 
No 
+ 
— 
Le) 
H+ | # 
—_ | —_ 
Oo} 
I+ 
— 
No 
< 
> < < 3 
< 


~ 
~N 
ce) 
o 


K Supply voltage rejection Vec+ = +9Vto +15 ae as | 77 96 
SVR 


ratio (AVCcC + /AVi¢C) Full range 
os. Sotcekottant| sf ae | eee : mA 


NO 
£ 
aS 
on 
N 
pa 


4.5 


ise Supply — No load O oF OF 
(four amplifiers) Vo = Vom 2.4 3.6 


Vo1/Vo2 Crosstalk attenuation f = 1 Hz to 20 kHz, 


TAIl characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for Ta is —55°C to 125°C 
for LM148, —25°C to 85°C for LM248, and 0°C to 70°C for LM348. 
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LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 


operating characteristics, VCC + = +15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS TYP MAX UNIT 
RL = 2KO, Cy = 100 pF, See Figure 1 0.8 


PARAMETER MEASUREMENT INFORMATION 


Vi 
CL = 100 pF RL =2k2 


FIGURE 1. UNITY-GAIN AMPLIFIER 


10 kQ 


Vi 


Aiea 100 pF 


Ayvp = —100 


FIGURE 2. INVERTING AMPLIFIER 


2-42 


EXAS WW 
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Wide Range of Supply Voltages: 
Single Supply ... 3 V to 30 V 
(LM2904...3 V to 26 V), 

or Dual Supplies 


Low Supply Current Drain Independent of 
Supply Voltage .. . 0.7 mA Typ 


Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 
near Ground 


Low Input Bias and Offset Parameters: 
Input Offset Voltage ... 3 mV Typ 

A Versions ... 2 mV Typ 
Input Offset Current... 2 nA Typ 
Input Bias Current . . . 20 nA Typ 

A Versions ... 15 nA Typ 


Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage... +32 V 
(+26 V for LM2904) 


Open-Loop Differential Voltage 
Amplification . .. 100 V/mV Typ 


Internal Frequency Compensation 


description 


These devices consist of two independent, high- 
gain, frequency-compensated operational 
amplifiers that were designed specifically to 
operate from a single supply over a wide range 
of voltages. Operation from split supplies is also 
possible so long as the difference between the 
two supplies is 3 V to 30 V (3 V to 26 V for the 
LM2904), and the Vcc pin is at least 1.5 V more 
positive than the input common-mode voltage. 
The low supply current drain is independent of 
the magnitude of the supply voltage. 


Applications include transducer amplifiers, d-c 
amplification blocks, and all the conventional 
operational amplifier circuits that now can be 
more easily implemented in single-supply-voltage 
systems. For example, these devices can be 
operated directly off of the standard 5-V supply 
that is used in digital systems and will easily 
provide the required interface electronics 
without requiring additional + 15-V supplies. 


LM158, LM258, LM358 
LM258A, LM358A, LM2904 
DUAL OPERATIONAL AMPLIFIERS 


D2231, JUNE 1976—REVISED AUGUST 1988 


D, JG, OR P PACKAGE 
(TOP VIEW) 


AMPL 


U FLAT PACKAGE 
(TOP VIEW) 


#1 


LM 158 
FK CHIP CARRIER PACKAGE 


(TOP VIEW) 


Operational Amplifiers By) 


NC—No internal connection 


schematic (each amplifier) 


NONINVERTING 


INPUT IN+ 


OUTPUT 
INVERTING 


INPUT IN— 


The LM158 is characterized for operation over the full military temperature range of —55°C to 125°C. 
The LM258 and LM258A are characterized for operation from —25°C to 85°C, the LM358 and LM358A 
from O°C to 70°C, and the LM2904 from —40°C to 105°C. 


PRODUCTION DATA documents contain information 


Copyright © 1979, Texas Instruments Incorporated 


current as of publication date. Products conform to y} 

— per ‘= — of Texas sop meer 9-43 
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LM158, LM258, LM358, LM258A, LM358A, LM2904 
DUAL OPERATIONAL AMPLIFIERS 


AVAILABLE OPTIONS 


Vio MAX 
Ta arak ts SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP FLAT PACK 
(D) (FK) (JG) (P) (U) 


LM358D LM358JG LM358P 


LM358AD 
LM258D 


LM358AJG LM358AP 
LM258JG LM258P 


5° 3 mV LM258AD LM258AJG LM258AP 


7 mV LM2904D LM2904JG LM2904P 


The D package is available taped and reeled. Add the suffix R to the device type. (e.g., LM358DR) 


Vcc+ 
=6 uA 100 uA 
CURRENT CURRENT 
REGULATOR REGULATOR 
50 uA 


schematic (each amplifier) 


=6 uA 
CURRENT 
REGULATOR 


sisiydwy jeuoneiodg BW) 


INVERTING 
INPUT 


NONINVERTING 


INPUT CURRENT 
REGULATOR 
GND (OR Vcc_) 
TO OTHER 
AMPLIFIER 
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LM158, LM258, LM358, LM258A, LM358A, LM2904 
DUAL OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM158, 
LM258, LM258A 
LM358, LM358A 


Supply voltage, Vcc (see Note 1) 


Differential voltage (see Note 2) 
Input voltage range (either input) Batak Sas 0.3 to 26 


Duration of output short-circuit (one amplifier) to ground at (or below) 
25°C free-air temperature (Vcc <= 15 V) (see Note 3) 


Continuous total dissipation See Dissipation Rating Table 
a ei 
ia aetna: pais Pl A Ce ee a ee eS 
ES ae ee 
e/a a a a es 
Storage temperature range | = -65to 150" 


Case temperature for 60 seconds FK package 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | JG, or U package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | D or P package 


NOTES:1. All voltage values, except differential voltages, and Vcc specified for measurement of los, are with respect to the network 
ground terminal. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 


ho 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 
D 725 mW 5.8 mW/°C 

FK 1375 mW 11.0 mw/°C 


PACKAGE 


JG (LM158) 1050 mW 8.4 mW/°C 
JG (all others) 825 mW 6.6 mW/°C 
P 1000 mW 8.0 mW/°C 

U 675 mW 5.4 mW/°C 
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dip SVXAL 


electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


Vio 


VICR 


VOH 


VOL 


Input offset voltage 


Common-mode 
input voltage range 


High-level output voltage 


Low-level output voltage 


= 5 V to MAX, 
Vic = VICR Min, 
Vo = 1.4V 


Full range 


si9diduiy jeuoiei0dgG 


28 


— 250 


SYUTINdWY TVWNOILVH43d0 1VNG 
DOGZINT ‘8SEINT ‘8SZW1 ‘SSI 


< 
2) 
oO 
| 

N 


< 
o 
N ee 
) N 
ND 
B 


2 
< 


s 
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Lv-c 


Large-signal differential 


A 
vo voltage amplification 


ed : Vcc = 5 V to MAX, 
CMRR Common-mode rejectior ratio : 
Vic = ViCR min 


Supply voltage rejection 
ksvrR ene Vcc = 5 V to MAX 
ratio (AVCC/AVi¢) 


Vo1/Vo2 Crosstalk attenuation f = 1 kHz to 20 kHz 


Output current 


Vin =. -1 V, 

Vo = 200 mV 

Vcc at 5 V, 

GND at --5 V, 

Vo = 0 

Vo = 2.5 V, 

No load 

Vcc = MAX, 

Vo = 0.5 Vcc. Full range 
No load 


Short-circuit 
output current 


Supply current 
(two amplifiers) 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. ‘‘MAX‘' Vcc for testing purposes is 26 V 
for LM2904, 30 V for the others. Full range is — 55°C to 125°C for LM158, — 25°C to 85°C for LM258, 0°C to 70°C for LM358, and — 40°C to 105°C for LM2904. 
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electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


PARAMETER 


Vio Input offset voltage 


Average temperature coefficient 


avid of input offset voltage 


Average temperature coefficient 


a0 . 
of input offset current 


iB Input bias current 


Common-mode input 


V 
ICR voltage range 


VOH High-level output voltage 


VOL Low-level output voltage 


LM258A LM358A 
MIN TYP MAX MIN TYP MAX 


Vcc = 5vto 30 V 
t 25°C 2 3 
Vic = VICR min, 


Vo = 1.4V 


TEST CONDITIONS! 


N 
w 


SYIIIId NV IVNOILVH3d0 1VNG 


Full range 


25°C 
Full range 


N 
~ 


28 


nA 
25°C 
S : y 
V 
V 


V8SEW1 ‘V8SZN1 
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6V-2 


V = 15 V, 
Large-signal differential cc 
AVD as Vo = 1Vto11V, 
voltage amplification 


CMRR Common-mode rejection ratio 


k Supply voltage rejection 
ii ratio (AVCC/AVjoC) 


Vo1/Vo2 Crosstalk attenuation f = 1 kHz to 20 kHz 


Output current 


Vcc at 5 V, 
Short-circuit output current GND at -5V, +40 +60 


Supply current (two amplifiers) 


No load 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is — 25°C to 85°C 
for LM258A and O°C to 70°C to LM358A. 
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LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


D2219, JUNE 1976—REVISED OCTOBER 1988 


Small-Signal Bandwidth .. . 
50 V/ us Min 
250 nA Max (LM218) 
+5Vto +20V 
Internal Frequency Compensation 


15 MHz Typ 
Slew Rate... 
Bias Current... 
Supply Voltage Range... 


Input and Output Overload Protection 


Same Pin Assignments as General-Purpose 
Operational Amplifiers 


description 


The LM218 and LM318 are precision, high-speed 
operational amplifiers designed for applications 
requiring wide bandwidth and high slew rate. 
They feature a factor-of-ten increase in speed 
over general purpose devices without sacrificing 
de performance. 


These operational amplifiers have internal unity- 
gain frequency compensation. This considerably 
simplifies their application since no external 
components are necessary for operation. 
However, unlike most internally compensated 
amplifiers, external frequency compensation 
may be added for optimum performance. For 
inverting applications, feed-forward 
compensation will boost the slew rate to over 
150 V/s and almost double the bandwidth. Over 
compensation may be used with the amplifier for 
greater stability wnen maximum bandwidth is not 
needed. Further, a single capacitor may be 
added to reduce the settling time for 0.1% error 
band to under 1 us. 


The high speed and fast settling time of these 
operational amplifiers make them useful in A/D 
converters, oscillators, active filters, sample and 
hold circuits, and general purpose amplifiers. 


The LM218 is characterized for operation from 
—25°C to 85°C, and the LM318 is characterized 
for operation from 0°C to 70°C. 


D, JG, OR P PACKAGE 


symbol 


(TOP VIEW) 
BAL/COmMP []1 sf] comp 2 
IN— LJ2 7) Vec+ 
IN+ L]3 61 | OUT 
Vcc - 51] BAL/COMP 3 
BAL/COMP 1 (1) 
(8) 
COMP 2 
BAL/COMP 3 {5) 


NONINVERTING (3) 
INPUT IN+ 
OUTPUT 
INVERTING (2) 
INPUT IN— 


AVAILABLE ie 


Vio MAX SRT eens | BRSTE CERAMIC | PLASTIC 
at 25°C |OUTLINE| DIP DIP 
(D) (JG) (P) 


10mV | LM318D | LM318JG | LM318P 


re 


= 

—25°C 
to 4 mV LM218D | LM218JG | LM218P 

85°C 


The D packages are available taped and reeled. Add the 
suffix R to the device type (e.g., LM318DR). 


2 


Operational Amplifiers . 
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LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


schematic 
BALANCE 
COMPENSATION-3 
BALANCE 
COMPENSATION-1 COMPENSATION-2 
Vec+ 
100 pF 
OUTPUT 
INVERTING 


sidlyduiy jeuoneisdg Ae 


NONINVERTING 
INPUT a 


ine values shown are nominal. 
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LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Operating free-air temperature range 


Storage temperature range —65 to 150 —65 to 150 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | JG package E800. fear’ atin hich 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | Dor P package de. aa ST PE 


NOTES: 1.All voltage values, unless otherwise noted, are with respect to the midpoint between Voc+ and Voc-. 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 

3. The inputs are shunted with two opposite-facing base-emitter diodes for over voltage protection. Therefore, excessive current will 
flow if a differential input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is 
used. 

4. The output may be shorted to ground or either power supply. For the LM218 only, the unlimited duration of the short-circuit applies 
at (or below) 85°C case temperature or 75°C free-air temperature. 


NO 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING DERATE Ta = 70°C Ta = 85°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING 
500 mW 5.8 mW/°C 64°C 


PACKAGE 


500 mW 6.6 mwW/°C 74°C 
500 mW N/A N/A 


Operational Amplifiers 
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LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature (see Note 5) 


LM218 LM318 
PARAMETER TEST CONDITIONST MIN TYP MAX| MIN TYP MAX UNIT 
50 | ee en ee 
Pea, re oats Nom 0 = ee =] 
Se ee None | ee i 
i Fullrange | 00] SSS 800 
V 
V 


m 
n 


| Input bias current eRe oo nA 
B ; 
ee oe 
Large-signal differential Mi oe ALLA 
AVD voltage amplification shiiela cata 
RE = 2k Full range 


2 


Supply voltage rejection ratio 


(AV¢c/AVIO) 
Supply current 


-KSVR 


[efe 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for 
LM218 is —25°C to 85°C and for LM318 is 0°C to 70°C. 

Note 5: Unless otherwise noted, Vcc = +5 V to +20 V. All typical values are at Voc+ = +15 V, Ta = 25°C. 


sisiydwuiy jeuoneisdC 


operating characteristics, Vcc + = 15 V, Vcc = 15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT 
SR Slewrate at unity gain | AV; = 10 V, Cy = 10 pF, See Figure 1 50. 70 V/ 


PARAMETER MEASUREMENT INFORMATION 


2kQ 


INPUT 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 1. SLEW RATE 
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Wide Range of Supply Voltages, Single or 
Dual Supplies 


® Wide Bandwidth 

e Large Output Voltage Swing 

@ Output Short-Circuit Protection 

@ Internal Frequency Compensation 
@ Low Input Bias Current 


@ Designed to be Interchangeable with 
National Semiconductor LM2900 and 
LM3900, Respectively 


description 


These devices consist of four independent, high- 
gain frequency-compensated Norton operational 
amplifiers that were designed specifically to 
operate from a single supply over a wide range of 
voltages. Operation from split supplies is also 
possible. The low supply current drain is 


LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


LM3900J 
LM2900J 


—40°C to 85°C LM2900N 


symbol (each amplifier) 


NONINVERTING 


essentially independent of the magnitude of the INPUT IN+ 
supply voltage. These devices provide wide INVERTING OUTPUT 
bandwidth and large output voltage swing. INPUT IN— 


D2531, JULY 1979—REVISED AUGUST 1988 


2 


The LM2900 is characterized for operation from 
—40°C to 85°C, and the LM3900 is characterized 
for operation from 0°C to 70°C. 


Operational Amplifiers 


schematic (each amplifier) 


Vcc 


CONSTANT 
CURRENT 
GENERATOR 


OUTPUT 


INVERTING 
INPUT 
NONINVERTING 
INPUT 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
UNIT 


Input current 


Duration of output short circuit (one amplifier) to ground at (or below) 25°C free-air temperature } unlimited | | 


(see Note 2) 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Short circuits from outputs to Voc can cause excessive heating and eventual destruction. 


DISSIPATION RATING TABLE 
Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 85°C 
POWER RATING ABOVE Tg = 25°C POWER RATING POWER RATING 
1025 mW 8.2 mW/°C 
1150 mW 9.2 mW/°C 


PACKAGE 


recommended operating conditions 


Input current (see Note 3) 


Operating free-air temperature, Ta 


NOTE 3: Clamp transistors are included that prevent the input voltages from swinging below ground more than approximately —0.3 V. The 
negative input currents that may result from large signal overdrive with capacitive input coupling must be limited externally to values of 
approximately —1 mA. Negative input currents in excess of —4 mA will cause the output voltage to drop to a low voltage. These values 
apply for any one of the input terminals. If more than one of the input terminals are simultaneously driven negative, maximum currents 
are reduced. Common-mode current biasing can be used to prevent negative input voltages. 
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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


electrical characteristics, VCC = 15 V, TA = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONST 
wane Wn V8 a 
"Input bias current oy Sea ae ee 
B_iaverting input = 0 [a= Fulrangs eee “once eee 
= 


+ 
TA = Full , See Note 4 
Change in mirror gain A = Full range, See Note 


; Vi4 =Vi-, Ta = Full range, 
Mirror current 
See Note 4 
Large-signal differential Vo =10V, RL = 10k, Vim 
voltage sneer f = 100 Hz é 
gut eastenca Semen Zeer awe 
Unity-gain bandwidth 
(inverting input) 
Supply voltage rejection 
KSVR 
ratio (AVCC/AVIC) 
RL =2kQ | 2 RL =2kQ | 
Voc = 30 V, 
~e load 
4 = 0, = 10 pA, 
V. Low-level output volt 
Short-circuit output current 4 = 0, it. 
| -6 -18 
OFS __(output internally high) oh 


VOH High-level output voltage 


” 
es 
® 
= 
a 
e 
a § 
i) 
2 
= 
48) 
Baw 
® 
2. 
@) 


| ——s Pullkdownccurrent down current 


pains eae No load 6.2 10 62 10 

(four amplifiers) 

t All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for Ta is 
—40°C to 85°C for LM2900, and 0°C to 70°C for LM3900. . 

+ The output current-sink capability can be increased for large-signal conditions by overdriving the inverting input. 

NOTE 4: These parameters are measured with the output balanced midway between Vcc and ground. 


operating characteristics, VCC+ = +15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


; __ | Low-to-high output Vo = 10V, CL = 100 pF, 
lew rate at unity gain [LON ochigh output | 
ayy ae vay oan High-to-low output RL = 2k 
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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


INPUT BIAS CURRENT (INVERTING INPUT) 
VS 
FREE-AIR TEMPERATURE 


l18—Input Bias Current—nA 


0 
-75-50 -25 0 25 50 75 
Ta—Free-Air Temperature —°C 
FIGURE 1 


100 125 


sioiyduy jeuonesodg al 


LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
VS 
FREQUENCY 


at. ass 


Avp — Differential Voltage Amplification 


100 1k 10k 100 k 1M 10M 
f— Frequency —Hz 
FIGURE 3 


lj —/l4 — Mirror Gain 


0.8 


Ayp — Differential Voltage Amplification 


0 
-75 -50 -25 0 25-50. . 75 


MIRROR GAIN 
VS 
FREE-AIR TEMPERATURE 


100 125 
Ta —Free-Air Temperature —°C 
FIGURE 2 


LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
VS 
SUPPLY VOLTAGE 


0 5 10 15 20 +225 30 
Vcc — Supply Voltage—V 
FIGURE 4 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSTt 


LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION SUPPLY VOLTAGE REJECTION RATIO 
VS VS 
FREE-AIR TEMPERATURE FREQUENCY 


100 


veo = 15! UII IM | UT 
errr 0 A 
80 


ni i ll 

CT TTI Al 
CEU LIT TET TANG 
CLE EME TTT TTR 
a 
OE A 


Avp — Differential Voltage Amplification 


SVR —Supply Voltage Rejection Ratio— dB 


Operational Amplifiers ~h 


10 
ot LUM CUCM LECT EE 
-75 -50 -25 0 25 50 75-100 125 100 400 1k 4k 10k 40k100k 400k1M 
Ta—Free-Air Temperature —°C f —Frequency—Hz 
FIGURE 5 FIGURE 6 
LM2900 
SHORT-CIRCUIT OUTPUT CURRENT 
PEAK-TO-PEAK fad VOLTAGE (OUTPUT INTERNALLY HIGH) 
Vs 
FREQUENCY SUPPLY VOLTAGE 


a 
SUM NIM LT 
CLAIM AAI UT 


Vopp —Peak-to-Peak Output Voitage—V 
fee] 
lOHS — Short-Circuit Output Current—mA 


CTT CITING TA TTT 
CLIN | | tintin 


" k 10 k 100 k 1M 10M 
f— Frequency —Hz Vcc— Supply Voltage—V 
FIGURE 7 FIGURE 8 
Tt Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSTt 


LOW-LEVEL OUTPUT CURRENT PULL-DOWN CURRENT 
VS VS 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


lo_—Low-Level Output Current—mA 
Pull-Down Current—mA 


0 
0 5 10 15 20 25 30 
Voc —Supply Voltage—V Vcc —Supply Voltage—V 
FIGURE 9 FIGURE 10 
PULL-DOWN CURRENT TOTAL SUPPLY CURRENT 
VS VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


<= 
E 
< | 
= e 
, © 
3 > 
e 2 
S = 
G 
Qa £ 
> FE 
» | 
oO | Ta = 25°C 
No signal 
No load 
0 
-75 -50 -25 0 25'* 80° 75. 100 "426 0 5 10 15 20 25 30 
Ta—Free-Air Temperature —°C Vcc—Supply Voltage—V 
FIGURE 11 FIGURE 12 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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: LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


Norton (or current-differencing) amplifiers can be used in most standard general-purpose op-amp 
applications. Performance as a dc amplifier in a single-power-supply mode is not as precise as a standard 
integrated-circuit operational amplifier operating from dual supplies. Operation of the amplifier can be best be 
understood by noting that input currents are differenced at the inverting input terminal and this current then 
flows through the external feedback resistor to produce the output voltage. Common-mode current biasing is 
generally useful to allow operating with signal levels near (or even below) ground. 


Internal transistors clamp negative input voltages at approximately —0.3 V but the magnitude of current flow 
has to be limited by the external input network. For operation at high temperature, this limit should be 
approximately —100 pA. 


Noise immunity of a Norton amplifier is less than that of standard bipolar amplifiers. Circuit layout is more 
critical since coupling from the output to the noninverting input can cause oscillations. Care must also be 
exercised when driving either input from a low-impedance source. A limiting resistor should be placed in 
series with the input lead to limit the peak input current. Current up to 20 mA will not damage the device but 
the current mirror on the noninverting input will saturate and cause a loss of mirror gain at higher current 
levels, especially at high operating temperatures. 


INPUT 


Ig ~ 1 mA per input volt 


FIGURE 13. VOLTAGE-CONTROLLED CURRENT SOURCE 


INPUT 


Ig = 1 mA per input volt 


FIGURE 14. VOLTAGE-CONTROLLED CURRENT SINK 


i 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 


D3192, JANUARY 1989 


Low Input Offset Voltage: D, JG, OR P PACKAGE 
LT1001AM ...15 uV Max (TOP VIEW) 
LT1001AC...25 uV Max 
LT1001M, LT1001C ... 60 wV Max 


@ Low Offset Voltage Temperature 
Coefficient: 
LT1001AM, LT1001AC ...0.6 wV/°C Max 
LT1001M, LT1001C...1 wV/°C Max 


Vio TRIML]1 U sf) Vio TRIM 


L PACKAGE 
@ Low input Bias Current: (TOP VIEW) 
LT1001AM, LT1001AC... +2 nA Max Vio TRIM 


LT1001M, LT1001C .... +4 nA Max 


@ Low Common-Mode Rejection Ratio: 


Vio TRIM OOO Vcc + 


LT1001AM, LT1001AC .... 114 dB Min IN-({@  ©)ouT 
LT1001M, LT1001C.... 110 dB Min IN+*\OqO/NC 
@ Low Supply Voitage Rejection Ratio: MEG 
LT1001AM, LT1001AC ... 110 dB Min ee : : 
LT1001M, LT1001C... 106 dB Min ike cs este selina 


Pin 4 (L package) is in electrical contact with the case. 
@ Low Power Dissipation: 
LT1001AM, LT1001AC...75 mW Max 
LT1001M, LT1001C ... 80 mW Max 


® Low Peak-to-Peak Equivalent Input 
Noise Voltage ... 0.3 uV Typ 


description 


Operational Amplifiers ae 


The LT1001 is a precision operational amplifier suited for applications such as thermocouple amplifiers, strain 
gauge amplifiers, low-level signal processing, and high-accuracy data acquisition. In the design, processing, 
and testing of the device, particular attention has been paid to optimizing the entire distribution of several key 
parameters. The input offset voltage of all units is less than 60 pV, and the LT1001AM is specified at 15 pV 
maximum. Power dissipation is nearly halved compared to the most popular precision operational amplifiers 
without adversely affecting noise or speed performance. The output drive capability of the LT1001 is 
enhanced with voltage gain at a load current of 10 mA. 


The specifications of the low-cost commercial-temperature device, the LT1001C, have been significantly — 
improved when compared to equivalent grades of similar precision amplifiers. The input bias current, input 
offset current, and common-mode and supply voltage rejection ratios of the LT1001C offer performance 
previously attainable only with high-cost, selected grades of other devices. 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C to 
125°C. The C-suffix devices are characterized for operation from 0°C to 70°C. 
PACKAGE 


SMALL OUTLINE | CERAMIC DIP | METAL CAN | PLASTIC DIP 
(D) (JG) (L) (P) 


TA 

orc | 60pV LT1001CD =| LT1001CUG_ | LT1001CL LT1001CP 
to70°C | 25uV | =———sSYsCLTA001ACUG | LT1001ACL | LT1001ACP 
65°C | CONV. 5°. —  SRLTIOOIMIG. | LTIOOIME [0 
to125°C | 15mV | sd XKLTMOO1AMJG | LT1O01AML | sd 


The D package is available in tape and reel. Add the suffix R to the device type (e.g., 
LT1001CDR). 


AVAILABLE OPTIONS 


PRODUCTION DATA documents contain information P 
current as of publication date. Products conform to | 
apoemecees per * ome of Texas Lae beni TEXAS 2-63 
standard warranty. Production processing does not - 
necessarily include testing of i salsa INST RUMENTS 
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schematic 


‘TeUIWOU ese UMOUS SENjeA JUsUOdWOD 


IIA 
Ub OZL 
rib: 
e rae 
ae oul 
ZED 
a wy. 
+NI 
UAE 
b 0Z 
ino & 920 
44 OF 
4d Gg 


a ae ra 
i te er 


2 Operational Amplifiers 


wii Ol~ 


TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALL 


2-64 


LT1001 
PRECISION OPERATIONAL AMPLIFIER 


Re eA TS STEED CLES EE GANT LA Rs LEI KEES a EN EER EG END US TREE SET BS SR a I I ES 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply vOnmue; Voc (See: NOM 4 Sp. ee Gi gp ee sae Halles he gee ea vO 22V 
Ee ag ay Poet Rae) PS «|e Gre aa aS neat Pe ae ae irre —22V 
Differential tnput voltage (966 Note 2). a iges eee ee eee eee eee e ey ees +30 V 
ID CWONACID FONIGS, Vit Sigs eek en aE CT 0p 8 ek ene ee pees Nee oe Ore £22'Y 
Demation-or snor-circuit current at (of DEIGOW)- 25°C. i Ce eee eo be ole oie armee wn unlimited 
Gonimwous: power diasipalion o5 «os «$2 age SC a ee we ae wn See Dissipation Rating Table 
Operating free-air temperature range: M-suffix .. 0... cc ee eee —55°C to 125°C 

Geen, 5, of. swe Soeci ine eo te ess SE 0°C to 70°C 
SRP CIO TOMI OTAUINO TONG sce on eae Ft ues ace ew Nw ee eee ale eee 8 a 8 oe —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JGorL package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ............. 260°C 


NOTES: 1.All voltage values, except differential voltages, are with respect to the midpoint between Voc+ and Vcc-. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 125°C 
POWER RATING | ABOVE Ta, = 25°C | POWER RATING | POWER RATING 


PACKAGE 


D 725 mW 5.8 mW/°C 464 mW 
JG (M-suffix) 1050 mW 8.4 mW/°C 
JG (C-suffix) 825 mW 6.6 mW/°C 
L (M-suffix) 825 mW 6.6 mW/°C 
L (C-suffix) 650 mW 5.2 mW/°C 


P 1000 mW 8.0 mW/°C 


recommended operating conditions 


fone SUPE DE le CSUPRR oS or jae 


Min NOM WAX | MIN NOM MAX 
Supply voiage, Voc 
Commen-mode input voltage, Vic 


Supply voltage, Voc+ 
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LT1001M, LT1001AM 
PRECISION OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc+ = +15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS Se 
25°C 


per s paar. 
= Sheaisectomalll ussea Cw esC[ 160 
ayviOo coefficient of input 


—55°C to 125°C wV/°C 

offset voltage 
Long-term drift of 
9 See Note 4 S021 | avi | 
input offset voltage 

ee ae 04 3.8 ges eae 
png So ote current Ea rane TOT eee eee 

nA 

“BC Io HG 


LT1001M LT1001AM 
3 UNIT 


MIN TYP MAX 
7 2 


Average temperature 


2 


lip Input bias current 


Maxiumum peak 
VoH output vottage Y 
swing 

Large signal Subse BE ~ 450800 
Avp differential voltage et aaa 300 500 V/imv 


amplification RL = 2 KG, Vo = =+10V | -55°C to 125°C canes Te ater 

Di ial i 

resistance 

Common-mode 

RR Vic = +13 V 

a is Ee ier ae 

Sco lane Pee Oe eae ce | 

V = +3Vto+18V 

“SVR _ rejection ratio Peon “BC HS 
ae 4880 67 
Noload,  Vocs = =3V nae A 1 ea 
= 5 eS (3 Ae 
NOTES: 3. The input offset voltage for all devices is measured with high-speed test equipment approximately 1 second after power is applied. 
The LT1001AM receives a 168-hour burn-in at 125°C or equivalent. 


4, Long-term drift of input offset voltage refers to the average trend line of offset voltage versus time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, the change in Vio during the first 30 days is typically 2.5 wV. 


siaiydwy jeuoiesedo 


Total power 
dissipation 


sas 
Oo 


operating characteristics, Vcc+ = +15 V, Ta = 25°C (unless otherwise noted) 


LT1001M LT1001AM 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX | MIN TYP MAX 


SR Slew rate at unity gain RL = 2k0 Bee ee ee = 


iceeol ah 
Ta=MIN| es 


dm Phase margin at unity gain 


Ss nS Ss eco mee gra 


Peak-to-peak equivalent 
VNPP senda f = 0.1 Hz to 10 Hz 03 06 
input noise voltage 


mePsaee =r aS 
Vn Equivalent input noise voltage Lees nv//Hz 


28 26 
GW Gain bandwidth product 2 ee Se 
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= ay | LT1001C, LT1001AC 
- PRECISION OPERATIONAL AMPLIFIERS 


electrical characteristics, VCcC+ = +15 V (unless otherwise noted) 


(tree trieoras 
PARAMETER TEST CONDITIONS UNIT 
MIN_TYP_ MAX 


a 
ae ea en ee oe 
Average temperature 
ayvio coefficient of input 0°C to 70°C 0.3 1 pv/°C 
offset voltage 
ul iad See Note 4 0.2 pV/mo 
input offset voltage 
aie 04 38 eters 
Input offset current = Vic = 0 =e P 
CCuMeh ya Tea) ee 
Peo | 
Input bias current Vo = 0, Vic = 90 fone wer? _ leone ” 
°C t0 70°C v 
Maximum peak De a ae ee ses #13" >.14 +13 «+14 & 
VOH output voltage RL = 1kQ +12 +13.5 +12 +13.5 V bm 
swing AL = 2k0 °C 10 70°C . 
Large-signal RL = 2k2, Vo = +12V ae 400 800 450 800 is 
Ayp differential voltage RL 2 1k0, Vo = +10V |, 250.°. 8007 ~~! 300 800 Vimv | &f 
amplification AL=2kN, Vo=210V [OCt0700 ee pe 
x Differential input 25°C mo = 
id resistance ra 
Common-mode 114126 = 
CMRR ; Vic = £13 V ; ; © 
rejection ratio Fete S| 08 © 
Supply vor es a 
rejection ratio rowel me pee 
= 4880 675 o 
Ll snea Noload, Vega = =3V oe ee oe 
P Naked. SOR OY seeeey 


Notes: 4. Long-term drift of input offset voltage refers to the average trend line of offset voltage versus time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, the change in Vig during the first 30 days is typically 2.5 pV. 
5. The input offset voltage for all devices is measured with high-speed test equipment approximately 1 second after power is applied. 


operating characteristics, VCcC+ = +15 V, Ta = 25°C (unless otherwise noted) 


LT1001C LT1001A 
PARAMETER TEST CONDITIONS ee : UNIT 


MiN_TYP_ MAK 
Siew rate at unity gai TEI fo025 | on 025 | Vie] 
Was eee Se se 
bm Phase margin at unty gain eee i a A 
CL=10pF _[Ta=MAK 
Peak-to-peak equivalent 
VNPP ee = 0.1 Hz to 10 Hz uv 
input noise voltage 
f = 10 Hz 10.5 18 10.3 18 
Sr ea enere sis oR 
n quivalent input noise voltage ey fs e = - ~ nV//Hz 
GEW — Gain bandwidth product ro ae ee oe on ae 
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LT1001M, LT1001AM, LT1001C, LT1001AC 
PRECISION OPERATIONAL AMPLIFIER 


TYPICAL CHARACTERISTICST 


INPUT OFFSET VOLTAGE WARM-UP CHANGE 
OF REPRESENTATIVE UNITS IN INPUT OFFSET VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE ELAPSED TIME 


Veoc+ = +15 
Ta = 25°C 


L : enexage’” 


aaa D, JG, OR P | _D, JG, OR PPACKAGE 


Vio—Input Offset Voltage— pV 
AVio—Change In Input Offset Voiltage—,»V 


0 
-50 -25 0 25 50- 76 100 125 
Ta—Free-Air Temperature — °C Time After Power-On—min 


FIGURE 1 FIGURE 2 


sasyduy jeuoneisdg BW 


LONG-TERM DRIFT OF 
INPUT OFFSET VOLTAGE 
OF REPRESENTATIVE UNITS 


AVio—Change In Input Offset Voltage —yV 


Time — months 


FIGURE 3 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 


TYPICAL CHARACTERISTICST 


INPUT OFFSET CURRENT 


and INPUT BIAS CURRENT INPUT BIAS CURRENT 
vs vs 
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE 
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ie) 1) 
-50 -25 0 25 50 75 100 125 +0.1 +0.3 +1 +3 +10 +30 
Ta—Free-Air Temperature — °C Vip —Differential Input Voltage —V 
FIGURE 4 FIGURE 5 
INPUT BIAS CURRENT COMMON-MODE INPUT VOLTAGE RANGE LIMITS 
vs : vs 
COMMON-MODE INPUT VOLTAGE FREE-AIR TEMPERATURE 


lyB—Input Bias Current—nA 
Common-Mode Limits— V 


RGR EIS ee, Be es 
DEVICE WITH NEGATIVE INPUT CURRENT 


COMMON-MODE 28 V 


fic INPUT RESISTANCE ~ 0.1 nA ~ 720 S® 
5 Vcc- 
-15 --—-10 -5 '@) 5 10 15 -50 -25 ¢) 25 50 75 100 125 
Vic —Common-Mode Input Voltage —V Ta—Free-Air Temperature — °C 
FIGURE 6 FIGURE 7 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 


TYPICAL CHARACTERISTICST 


MAXIMUM PEAK MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE SWING OUTPUT VOLTAGE SWING 
vs vs 

LOAD RESISTANCE FREQUENCY 


tiga” se 
Ta = 25°C 


fl lh 


Vom—Maximum Peak Output Voltage Swing— V 


¢) 
100 300 1000 3k 10 k 


Vopp— Maximum Peak-to-Peak Output Voltage Swing—V 


sioyyduiy jeuoneiodg HW) 


1 10 100 1000 
Ri —Load Resistance — 1? f—Frequency —Hz 
FIGURE 8 FIGURE 9 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
DIFFERENTIAL VOLTAGE AMPLIFICATION and PHASE SHIFT 
vs vs 
FREQUENCY FREQUENCY 


Vec+ = +15 V 
@ (Right Scale) at Ta = 25°C 
Siisese> 


SBE SS. 


Nore 
PENEP rt 
pee NTT 


@—Phase Shift 


Avp at Ta = 125°C Nas 


et ee , 
S 


ade »< 
Avp at Ta = 25°C, —55°C ; 
-8 
0.1 1 10 100 1k 10k 100 k 10M 0.1 0.2 0.5 1 2 
f — Frequency — Hz f — Frequency —MHz 
FIGURE 10 FIGURE 11 


feeds: WEE 
ca Be Se naib Ae 


Ayvp-— Differential Voltage Amplification—dB 
Avyp— Differential Voltage Amplification— dB 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 


ay 
noe INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


LT100 


1 


PRECISION OPERATIONAL AMPLIFIER 


TYPICAL CHARACTERISTICST 


DIFFERENTIAL VOLTAGE AMPLIFICATION OUTPUT IMPEDANCE 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 
1400 100 


> 

E 

> 

L 1200 

s 10 
: 

= 1000 © 

rs Vec+ = £15 V. Vo = £12 V 2 ay = 1000/ 
E ; © 1 
< 800 3 

5 

Ss E 

> 600 B 0.11 
g 6 

E 400 | 

®o 

s a 
: : 
Q 

> 

< 


0 0.001 
—50°.298 °0 5 26  -68- 76 100..426 4 10 re 1k 10k 100k 


Ta—Free-Air Temperature— °C f — Frequency — Hz 


FIGURE 12 FIGURE 13 
COMMON-MODE REJECTION RATIO SUPPLY VOLTAGE REJECTION RATIO 
vs vs 
FREQUENCY FREQUENCY 


Vec+ = +14.75 V to +15.25 V 
Ta = 25°C 


sign, ee are 
ane: 


ia NEGATIVE SUPPLY 


CMRR—Common-Mode Rejection Ratio— dB 
ksvR—Supply Voltage Rejection Ratio— dB 


0 
1 10 100 10k 100k 1M 0.1 1 10 100 1k 10k 100k 
f— ssa Hz f — Frequency — Hz 


FIGURE 14 FIGURE 15 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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—LT1001 


PRECISION OPERATIONAL AMPLIFIER 


TYPICAL CHARACTERISTICST 


SUPPLY CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS vs 
SUPPLY VOLTAGE ELAPSED TIME 

2.5 
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EQUIVALENT INPUT NOISE VOLTAGE 
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FIGURE 18 FIGURE 19 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Vo— Output Voltage—mvV 


Vo — Output Voltage—V 


vase 
2st iw ais 
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t—Time—ys Cy, —Load Capacitance — pF 
FIGURE 22 FIGURE 23 
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TYPICAL CHARACTERISTICS 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL SMALL-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


Voc+ = +15 V 
Ay = 1 

Cy = 1000 pF 
Ta = 25°C 


Vo— Output Voltage—mvV 


Q 2 “ 6 8 -10-* Vaaas 
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t—Time—ys 
FIGURE 20 FIGURE 21 
Lk ene VOLTAGE-FOLLOWER OVERSHOOT 
LARGE-SIGNAL vs 
PULSE-RESPONSE LOAD CAPACITANCE 
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Vv; = 100 mV 
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PARAMETER MEASUREMENT INFORMATION 


Rit 
50 ko 
R2" Vo = 1000 V 
100 © re) 10 
R3t 
50 ko -15V 


tResistors must have low thermoelectric potential. 


NOTE: This circuit is also used as the burn-in configuration for the LT1001 with supply voltages increased to +20 V, R1 = R3 = 10 kf), 
R2 = 200 2, and Ay = 100. 


FIGURE 24. TEST CIRCUIT FOR INPUT OFFSET VOLTAGE AND ITS TEMPERATURE COEFFICIENT 


siayyduy jeuonessdoC Bs) 


0.1 uF 
100 ka 
102 
2 ka 
22 uF 
4.3 ko OSCILLOSCOPE 
DEVICE Rin te 
UNDER 4.7 uF 2.2 uF 
TEST 
0.1 uF 
24.3 ka . 110 ko 


NOTES: A. Ay = 50,000. 
B. The device under test should be warmed up for three minutes and shielded from air currents. 


FIGURE 25. TEST CIRCUIT FOR 0.1-Hz TO 10-Hz PEAK-TO-PEAK NOISE VOLTAGE 
(MEASURED OVER A 10-SECOND INTERVAL) 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 


TYPICAL APPLICATION DATA 


application notes 


The LT1001 series units may be inserted directly into OP-07 or LM108A sockets with or without removing 
external frequency compensation or nulling components. 


The LT1001 is specified over a wide range of supply voltages from +3 V to +18 V. Operation with lower supply 
voltages (e.g., two Ni-Cad batteries) is possible down to + 1.2 V. However, with +1.2-V supplies, the device is 
stable only in closed-loop gains of 2 or higher (or inverting gains of one or higher). 


Unless proper care is exercised, thermocouple effects caused by temperature gradients across dissimilar 
metals at the contacts to the input terminals can exceed the inherent temperature coefficient of the amplifier. 
Air currents over device leads should be minimized, package leads should be short, and the two input leads 
should be as close together as possible and maintained at the same temperature. 


input offset voltage adjustment 


The input offset voltage and temperature coefficient of the LT1001 are permanently trimmed to a low level at 
wafer test. However, if further adjustment of Vio is necessary, nulling with a 10-kQ or 20-kQ potentiometer will 
not degrade the temperature coefficient. Trimming to a value other than zero creates a temperature coefficient 
change of (Vi9/300) wV/°C. For example, if Vio is adjusted to 300 wV, the change in the temperature 
coefficient will be 1 uV/°C. The adjustment range with a 10-kQ or 20-kO potentiometer is approximately +2.5 mV. 
If less adjustment range is needed, the sensitivity and resolution of the nulling can be improved by using a 
smaller potentiometer in conjunction with fixed resistors. The example in Figure 26 has an approximate null 
range of +100 pV. 


7.5 kQ 
1 ko 
15V 
7.5 kQ 
INPUT OUTPUT 
-15V 


FIGURE 26. IMPROVED SENSITIVITY ADJUSTMENT 
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TYPICAL APPLICATION DATA 


2.2 pr 


TANTALUM fa 


INPUT 
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TANTALUM 
+ 


22 pF 
15-60 pF . 
TUSONIX #519-3188 
2. 


TAdjust for best square wave at output. 
NOTE: Full-power bandwidth is 8 MHz. 


FIGURE 27. DC-STABILIZED 1000-V/us OPERATIONAL AMPLIFIER 
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TYPICAL APPLICATION DATA 


10 kQ 10 kQ 10 k2 


IN4148 


OUTPUT 


-10Vto10V 0.1% 0to 10 V 


IN4148 


0.1% 


FIGURE 28. PRECISION ABSOLUTE VALUE CIRCUIT 


100 pF 


500 kf 1% 


100 pF 


Vi to (Vec4+ - 1 V) 


FIGURE 30. PRECISION CURRENT SINK 
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TYPICAL APPLICATION DATA 


Wa 
ey 


2N2222 


100 ka? 10 kat y 


SET 
DEAD-ZONE 
CONTROL INPUT 


2N2907 
47 pF 
10 kat 


10 kat 


10 ka? 


Vo 


sioiyduiy jeuoneisdg HN) 
fo 


aah 2N4393 
ey 


T 1% film 
+ Ratio match 0.05% 


NOTES: A. The bipolar symmetry for this application is excellent because one device, Q2, sets both limits. 
B. Q2-Q5 are a CA 3096 transistor array. 


FIGURE 31. DEAD-ZONE GENERATOR 
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TYPICAL APPLICATION DATA 


5 kQ 


vi 
0 to (Vcc-— + 1 V) 


= -2Vto -35V 


1000 pF 


lo = sf 
R 
FIGURE 32. PRECISION CURRENT SOURCE 
OUTPUT 
Rs -10 Vto 10 V 
INPUT 
-10t0o 10 V 9 t9 10 ko 
-12Vto -18 V 
OUTPUT ACCURACY 
LT1001AM LT1001C LT1001AM LT1001C 
Ta = 25°C Ta = 25°C Ta = —55°C to 125°C Ta = 0°C to 70°C 
MAX MAX MAX MAX 
cow 


Percent of Full Scale (= 20 V) 


0.0005% 0.0009% 0.0010% 0.0015% 


NOTE: The contributing error terms are due to input offset voltage, inout bias current, voltage gain, common-mode 
rejection ratio, and supply voltage rejection ratio. The worst-case specifications are given in the above table. 


FIGURE 33. LARGE-SIGNAL VOLTAGE FOLLOWER WITH 0.001% WORST-CASE ACCURACY 
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TYPICAL APPLICATION DATA 


NONINVERTING 
INPUT 


INVERTING 
INPUT 


NOTE: Positive feedback to one of the nulling terminals creates 5 uV to 20 pV of hysteresis. The input offset voltage is typically changed by less 
than 5 uV due to the feedback. 


FIGURE 34. MICROVOLT COMPARATOR WITH TTL OUTPUT 


15 V 
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15V 
8.2 kQ 
2 kat 100 2 
4.99 kat 2 kQ (ye 
2N2219 

pees UN REFERENCE OUT 

= = TO MONITORING 

IN4148 A/D CONVERTER 

350-2 BRIDGE 
10k2 | 0 to 10 V 
) ZERO OUT 
340 kat 
IN4148 
/~* 1.1 kat 
2 kQ 
2N2907 i GAIN 
WN = TRIM 
100 2 
= 5 W 
-15V 


TRN6OC film resistors 


FIGURE 35. STRAIN-GAUGE SIGNAL CONDITIONER WITH BRIDGE EXCITATION 
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0.1 pF 


10-V 1.2-AMP HR 
NiCAD STACK 


2N6387 


2 


tSingle point ground thermocouples are 40 1.V/°C chromel-alumel (type K). 


NOTE: This circuit uses the temperature difference between the battery pack mounted thermocouple and the ambient thermocouple to set the 
battery charge current. The peak charging current is 1 A. 


FIGURE 36. THERMALLY CONTROLLED NICAD CHARGER 


1kQ = O°C 
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i5V 
R plat8 
1.2 kat 
10 kat 
OUTPUT 
0to 10 V = 
0°C to 100°C 
= ‘ 20 kQ 200 2 a . 
90 ke 5 LINEARITY 
ae TRIM 
ee OFFSET TRIM Gat 


TULTRONIX 105A wirewound 
$4% film 
§Platinum RTD 118MF (Rosemount, Inc.) 


NOTE: Trim sequence: trim offset (0°C = 1000 9), trim linearity (85°C = 1138.7 ), trim gain (100°C = 1392.6 ©). Repeat until all three points 
are fixed with +0.025°C. 


FIGURE 37. LINEARIZED PLATINUM RESISTANCE THERMOMETER WITH +0.025°C ACCURACY 
FOR Ta = 0°C TO 100°C 
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LT1007, LT1007A, LT1037, LT1037A 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


'D3195, FEBRUARY 1989 


Maximum Equivalent Input Noise Voltage: 
3.8 nV/VHz at 1 kHz 
4.5 nV/VHz at 10 Hz 


Low Peak-to-Peak Equivalent Input Noise 
Voltage: 60 nV Typ from 0.1 Hz to 10 Hz 


Slew Rate (LT1037 and LT1037A): 
11 V/ps Min 


LT1007A and LT1037A Specifications: 


High Voltage Amplification: 
7 VipV Min, RL = 2 kQ 
3 V/pV Min, RL = 600 02 


Low Input Offset Voltage 25 nV Max 


Low Input Offset Voltage Temperature 
Coefficient: 0.6 »V/°C Max 


Common-Mode Rejection Ratio: 117 dB Min 


description 


These monolithic operational amplifiers feature 
extremely low noise performance and out- 
standing precision and speed specifications. 
The typical differential voltage amplification (at 
TA = 25°C) of these devices is an extremely 
high 20 V/pV driving a 2-kQ load to +12 V and 
12 V/uV driving a 600-0 load to +10 V. 


In the design, processing, and testing of the 
device, particular attention has been paid to the 
optimization of the entire distribution of several 
key parameters. Consequently, the 
specifications of even the lowest-cost grades 
(the LT1007C and the LT1037C) have been 
greatly improved compared to equivalent grades 
of competing amplifiers. 


DW SMALL-OUTLINE PACKAGE 
(TOP VIEW) 


JG AND P 
DUAL-IN-LINE PACKAGES 


(TOP VIEW) 


Vio TRIM(]1 U sf vig TRIM 


L PLUG-IN PACKAGE 


(TOP VIEW) 
VIO 
TRIM 
VIO 
TRIM Oe VCC + 
IN-(@ (6) JOUT 
IN + O@O NC 
df oo ae 


Pin 4 (L Package) is in electrical contact with the case 
NC—No internal connection 


AVAILABLE OPTIONS 


METAL CAN PLASTIC DIP 


(L) (P) 


The DW packages are available taped and reeled. Add the suffix ‘’R’’ to the device type. (e.g., 


LT1007CDWR). 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 


standard warranty. Production processing does not 
necessarily incl 


cations per the terms of Texas Instruments 
testing of all parameters. 
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LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


LT1007, LT1007A, LT1037, LT1037A 


schematic 
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LT1007, LT1007A, LT1037, LT1037A 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


PIE POT OT cs (OO SUCRE End soni + écc'Ts 4s ook nie sO URS Be 00st. PAR 22 V 
EE BEE OTs ot Se acs 52 SS ne Pe, 15 LC. Sa EMP REL sty yen! -22V 
a) SEES" SSRBRREEASSS: 2; UR lege SRE RE F <n een ee mE! , ee Fey MRR. eke ete VcC+ 
ee re ee Te ye 2 | eee ent 8K. ag as ane ee ene aE eRe fel ee bee ee Unlimited 
Crrerentia: ipit Currmns- 1606 NOUS Z) ee es ks vas a ceew 2 ote cate Ge eee ee +25 mA 
PA TENN od Cg oe os asa na oe ET eee 8 Ue Cs da Ae es see Dissipation Rating Table 
Operating free-air temperature range: 

Mt ee MER 8 ops Me ea ES 2) rer Sere -§5°C to 125°C 

Be ea Ss 8s RRR eS Dee ra REY Re a Do ot ce ate 5 a el eS a EI 0°C to 70°C 
Sete cee TNL WT ce 8 ee wb ew ccad pets ee aueg -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW and P packages ..... 260°C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG and L packages...... 300 °C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc 4 and Vcc-_. 
2. The inputs are protected by back-to-back diodes. Current limiting resistors are not used in order to achieve low noise. Excessive 
input current will flow if a differential input voltage in excess of approximately +0.7 V is applied between the inputs, unless 
some limiting resistance is used. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C = ‘Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 
DW 1025 mW 8.2 mW/°C 
JG (M-suffix) 1050 mW 8.4 mW/°C 


PACKAGE 


JG (C-suffix) 825 mW 6.6 mW/°C 


L (M-suffix) 825 mW 6.6 mW/°C 
L (C-suffix) 650 mW 5.2 mW/°C 
P 1000 mW 8 mW/°C 


recommended operating conditions 


Supply voltage, Voc + a ior Ya 
ORE ates fi, Wied Gee RS SA a 


BO ato Eee BT ae Es a as 
nput v 

< Site = Tq = full range |+10.3 sree 
Operating free-air temperatue, Ta ie ER 
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LT1007M, LT1037M, LT1007AM, LT1037AM 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIER 


electrical characteristics, VCC + = 15 V, Vcc— = -15V 


007 T1087 | LIOOTALTIOS28 yur 
i sae sad 
poten age fiw eee eg ty | 
86eC w 126°C, ODL, 1 OD 
Average temperature 
offset voltage 
wee Or serine mre 
ee ae 
+95 
ES 
Vom Pek V 
Ae euNG ss ee Te ee 
Large-signal PS TiVo = OV] 2ePC fae er oa eg 
Avp differential voltage [RL >6000,Vo=+10Vi 25°C | 2 #12 °&2[| 3 12 ~~ ~| Va 
amplification [RL = 2KO, Vo = 210V|-soecto ieee] 2 +3. SSS 
R, = 1k0, Vo = 10V|-s5Cto 125ec] 18 +4. 2 S~d 
ll ee ee ee ee 
resistance 
oe ae et ee el | 
rejection ratio ‘(Vic = 210.3V —*‘[-seec to 126°C 10a Sd CS 
a ——————_—— 110 130 | ae 
reiection ratio Mic 126u( 0. oe 
Pp ‘Power dissipation |LT1037M, LT1037AM mW 
eae, at ee Taek =e 


NOTE 3: Vig measurements are performed by automatic test equipment approximately 0.5 seconds after application of power. 
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LT1007C, LT1037C, LT1007AC, LT1037AC 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIER 


electrical characteristics, Vcc + = 15 V, Vcc-— = -15V 


LT1007, LT1037 LT1007A, LT1037A 
PARAMETER TEST CONDITIONS Sp aT MIN TP mae] UNIT 
ge ae 
ViO Input offset voltage See Note 3 0°C to 70°C 


RES ie: 
Average temperature 
offset voltage | 
oem ee ee 
SL a aor: (7 SRE 
pe eee i ee 
Ree TRS. 
Sth v | @ 
o 
meeege sat i) eee ee Te me 
Large-signal 516 
Avp differential voltage es Vuav | 
amplification Ai 2 2k Vo = 210¥. |O%™ te 708C] 26 - ls gq 
2 
Seed Ee el eee ae 
resistance Oo 
oS ee ee ee - 
rejection ratio Peewee we. | aie o 
sym SupeW wotege [Wes = 8 St ae oe) 
relection ratio 
Pp Power dissipation mW 
Riser eee ee 


NOTE 3: Vig measurements are performed by automatic test equipment approximately 0.5 seconds after application of power. 
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LT1007, LT1007A, LT1037, LT1037A 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


operating characteristics Vcc + = + 15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
Ri = 2k02,A =1 (LT1007, LT1007A 
SR Slew rate L VD y FF 
RL = 2 kQ, Ayp = 5 (LT1037, LT1037A) 
Vv Peak-to-peak equivalent} 0.1 Hz to 10 Hz, 
NPP input noise voltage See Note 4 
n 


noise voltage . . 


GBW Gain bandwidth product 


NOTES: 4. See the test circuit and frequency response curve for 0.1 Hz to 10 Hz noise (Figure 39) in the Applications Information section. 
5. See the test circuit for current noise measurement (Figure 40) in the Applications Information section. 
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LT1007, LT1007A, LT1037, LT1037A 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


table of graphs 


Vio __Input offset voltage 


vs Time after power on 
vs Time (long-term stability) 


1D input offest current 


: vs Temperature 
lip Input bias current 
over common-mode range 
Common-mode limit voltage vs Free-air temperature 


Maximum peak output voltage vs Load resistance 
swing vs Frequency 

vs Frequency 

vs Frequency (LT1007) 

vs Frequency (LT1037) 
Differential voltage amplification vs Temperature 


AVIO Change in input offset voltage 


| _____Common-mode limit voltage 2? 


VOM 


vs Load resistance 
vs Supply voltage 
at 2 k2 and 600 2 


ViD Differential input voltage vs Output voltage 
CMRR Common-mode rejection ratio 
ksvr___ Supply voltage rejection ratio 


vs Free-air temperature (LT1007) 
SR Slew rate : 
vs Free-air temperature (LT1037) 
F LT1007 
Phase shift ve Freaueney | 
vs Frequency (LT1037) 
vs Free-air temperature (LT1007) 
vs Free-air temperature (LT1037) 
vs Free-air temperature 
vs Time (0.01-Hz to 1-Hz noise) 
Equivalent input noise voltage vs Frequency 


vs Bandwidth 
vs Supply voltage 


Operational Amplifiers 


1 


om Phase margin 


Equivalent input noise current 
Total noise 


vs Time (from short to GND) 
Supply current vs Supply voltage 
Closed-loop output impedance 


Small-signal (C = 15 pF) 
Pulse response (LT1C07) _ load p 
Large-signal 


Small-signal (C = 15 pF) 33 
Pulse response (LT1037) is (Cload Pp 
Large-signal 34 
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T1007, LT1007A, LT1037, LT1037A 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 
INPUT OFFSET VOLTAGE 


OF REPRESENTATIVE UNITS INPUT OFFSET VOLTAGE CHANGE 
vs vs 
FREE-AIR TEMPERATURE TIME AFTER POWER ON 


10 


Vcec+ = +15V 


Paes L aia 


nr JG, OR P PACKAGE 


Pa | 


Vio—input Offset Voltage—y»V 
AVio—Change in Input Offset Voltage—pV 


sioiyyduy jeuoieisdCg BN) 


se 
-~50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature — °C Time After Power On—minutes 
FIGURE 1 FIGURE 2 
LONG TERM STABILITY OF INPUT OFFSET CURRENT 
INPUT OFFSET VOLTAGE vs 
FOR FOUR REPRESENTATIVE UNITS TEMPERATURE 


Vecs = £15 Pe | 
Boo ae 
ee 
ES 
ag 


Sy shall 


LT1007, LT1037AM = 


0 

-75 -50 -25 0O 25 50 100 125 
t—Time— months Ta—Free-Air Temperature — °C 
FIGURE 3 FIGURE 4 


AVio—Change Input Offset Voltage—yV 
l1O—Input Offset Current—nA 


TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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LT1007, LT1007A, LT1037, LT1037A 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


INPUT BIAS CURRENT INPUT BIAS CURRENT 
vs vs 
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE 


50 


DEVICE WITH POSITIVE 


= 
oS 


INPUT CURRENT 
Vcc+ = +15V 


< 40 : INPUT CURRENT 

¢ Cc 

: i il 

Cc c 

8 8 

5 30 2 
Oo NY oO 

” ” 

© oO 

20 : 

& aye he LT1007, LT1037M : 2 

] ie | 

on es DEVICE WITH NEGATIVE 
£ Gee COR EReee ee 2 
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Ta = 25°C 
: -50 -25 0 25 50 75 100 125 150 -15 --10 <5 0 5 10 15 
Ta—Free-Air Temperature — °C Vic —Common-Mode Input Voltage 
FIGURE 5 FIGURE 6 
COMMON-MODE INPUT VOLTAGE RANGE LIMITS " PEAK OUTPUT VOLTAGE SWING 
FREE-AIR TEMPERATURE LOAD RESISTANCE 


> 
> 2 
I £ 
s é 
$ : 
- = 
$ S 
¢ . 
5 £ 
E 6 
8 Vec- = -3Vto -20V s 
os hilton = 
NEGATIVE LIMIT eae > 
100 300 1k 3k 10 k 
Ta—Free-Air Temperature— °C Ri —Load Resistance — 0 
FIGURE 7 FIGURE 8 


TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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LT1007, LT1007A, LT1037, LT1037A 


LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


PEAK-TO-PEAK OUTPUT VOLTAGE SWING 


vs 
FREQUENCY 


CL LIE I 
rh 


ah 


Lh 


Vo(pp)—Peak-to-Peak Output Voltage Swing—V 


1k 10 k 100 k 


f— Frequency — Hz 
FIGURE 9 
LT1007 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


AND PHASE SHIFT 
vs 


: FREQUENCY 
_ 0 m7 90° 
ao] 
a eT Al 

l ‘ 100 
st NUN CM 

8 30 x A A 4 110 
SE EN TIINGATNTE LLU oo 
a N 

LUN ECM LT 

* 20 130 
3 ee eee Se ne 
Re GARI | NH 

r 10 150 
§ 160 
© 
510 nace =. £18 oH 170 
MATT 
: CT TTEN {THT so 


f —Frequency — MHz 
FIGURE 11 


sii itt lil | | 
CEI 
Hee Ne 
HI ELNII | N extosr | |I 
INIT il 
Vcc+ = 25°C l 
arf i: SS 
TINO 


10M 


° ° ° ° 
@—Phase Shift 


Avyp-— Differential Voltage Amplification—dB 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
FREQUENCY 


1M 


10 k 
f —Frequency —Hz 
FIGURE 10 
LT1037 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
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DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs vs 
FREE-AIR TEMPERATURE LOAD RESISTANCE 
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DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL INPUT VOLTAGE Oo 
vs vs 
SUPPLY VOLTAGE OUTPUT VOLTAGE 


Vcoc+ = +15V 


Ayp-— Differential Amplification —dB 
Vip — Differential Input Voltage—V 
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FIGURE 15 FIGURE 16 


TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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COMMON-MODE REJECTION RATIO SUPPLY VOLTAGE REJECTION RATIO 
vs vs 
FREQUENCY FREQUENCY 
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Vom = +10 V 
: Ta = 25°C 
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LT1007 LT1037 
SLEW RATE, PHASE MARGIN AND SLEW RATE, PHASE MARGIN AND 
GAIN BANDWIDTH PRODUCT GAIN BANDWIDTH PRODUCT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
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FIGURE 19 FIGURE 20 


TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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EQUIVALENT INPUT NOISE VOLTAGE 
vs EQUIVALENT INPUT NOISE VOLTAGE 
FREE-AIR TEMPERATURE OVER A 100-SECOND TIME PERIOD 
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Vn—Equivalent Input Noise Voltage—nvV/ JHz 
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TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICST 


EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE CURRENT 
vs vs 
SUPPLY VOLTAGE FREQUENCY 
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Vn—Total Noise Voltage—nV/VHz 
los—Short Circuit Current—mA 


Rs—Source Resistance —kQ Time from Output Short to Ground— minutes 


FIGURE 27 FIGURE 28 


TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSTt 


SUPPLY CURRENT CLOSED-LOOP OUTPUT IMPEDANCE 
vs vs 
SUPPLY VOLTAGE FREQUENCY 
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icc—Supply Current—mA 


LT1 =f 
i = Wr 
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Vcc + —Supply Voltage—V f—Frequency —Hz 
FIGURE 29 FIGURE 30 
LT1037 LT1037 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL PULSE RESPONSE LARGE-SIGNAL PULSE RESPONSE 


Vec+ = +15V 


Vo — Output Voltage—mvV 
Vo—Output Voltage—V 


Vcec+ = +15V 


CL = 15 pF 
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FIGURE 31 FIGURE 32 


TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL APPLICATION DATA 


general 


The LT1007- and LT1037-series devices may be inserted directly into OP-O7, OP-27, OP-37, and 5534 
sockets with or without removal of external-compensation or nulling components. In addition, the LT1007 
and LT1037 may be fitted to »nA741 sockets by removing or modifying external nulling components. 


offset voltage adjustment 


The input offset voltage and its change with temperature of the LT1007 and LT1037 are permanently 
trimmed to a low level! at wafer testing . However, if further adjustment of Vio is necessary, the use of 
a 10-kQ nulling potentiometer, as shown in Figure 35, will not degrade drift with temperature. Trimming 
to a value other than zero creates a drift of Vj9/300 nV/°C (e.g., if Vio is adjusted to 300 pV, the change 
in temperature coefficient will be 1 nV/°C). 


The adjustment range with a 10-kQ potentiometer is approximately + 2.5 mV. If a smaller adjustment range 
is needed, the sensitivity and resolution of the nulling can be improved by using a smaller potentiometer 
in conjunction with fixed resistors. The example in Figure 36 has an approximate null range of + 200 yV. 


offset voltage and drift 


Unless proper care is exercised, thermocouple effects at the contacts to the input terminals, caused by 
temperature gradients across dissimilar metals, can exceed the inherent temperature coefficient of the 
amplifier. Air currents should be minimized, package leads should be short, input leads should be close 
together, and input leads should be at the same temperature. 
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TYPICAL APPLICATION DATA 


1 kO 
VCC + 
10 ko 4.7 ko 
Voc + 4.7 k0 
IN - IN - 
OUTPUT OUTPUT 
IN+ IN + 4 2 
Vcc - Vec- 
FIGURE 35. STANDARD ADJUSTMENT FIGURE 36. IMPROVED SENSITIVITY 
ADJUSTMENT 


The circuit shown in Figure 37 can be used to measure offset voltage. In addition, with the supply voltages 
increased to +20 V, it can be used as the burn-in configuration for the LT1007 and LT1037. 


When RF <100 2 and the input is driven with a fast large-signal pulse (>1 V), the output waveform will 
be as shown in Figure 38. 


During the fast-feedthrough-like portion of the output, the input protection diodes effectively short the 
output to the input and a current, limited only by the output short-circuit protection, is drawn by the signal 
generator. When Pr is = 500 0, the output is capable of handling the current requirements (IL < 20 mA 
at 10 V), the amplifier stays in its active mode, and a smooth transition occurs. 


When FF is >2 kQ, a pole will be created with Rf and the ampilifier’s input capacitance, creating additional 


phase shift and reducing the phase margin. A small capacitor (20 pF to 50 pF) in parallel with RF will eliminate 
this problem. 


Operational Amplifiers 


50 kat 


v7 OUTPUT 2.8 V/us 
tResistors must have low thermoelectric potential 
FIGURE 37. TEST CIRCUIT FOR OFFSET FIGURE 38. PULSE OPERATION 
VOLTAGE AND OFFSET VOLTAGE DRIFT WITH 
TEMPERATURE 
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TYPICAL APPLICATION DATA 
noise testing 


Figure 39 shows a test circuit for 0.1-Hz to 10-Hz peak-to-peak noise measurement of the LT1007 and 
LT1037. The frequency response of this noise tester indicates that the 0.1 Hz corner is defined by only 
one zero. Because the time limit acts as an additional zero to eliminate noise contributions from the frequency 
band below 0.1 Hz, the test time to measure 0.1-Hz to 10-Hz noise should not exceed 10 seconds. 


0.1 Hz to 10 Hz p-p NOISE TESTER 
FREQUENCY RESPONSE 


Too 
CUM A UTI a 
CUM AT Tn 


Gain—dB 


sioiyduiny jeuoneiodg HW) 


0.01 100 


Frequency — Hz 


*Device under test 
NOTE: All capacitor values are for non-polarized capacitors only. 


FIGURE 39. 0.1-Hz TO 10-Hz NOISE TEST CIRCUIT 
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LT1007, LT1007A, LT1037, LT1037A 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


Special test precautions are required to measure the typical 60-nV peak-to-peak noise performance of the 
LT1007 and LT1037: 


1. The device should be warmed up for at least five minutes. As the operational amplifier warms up, 
the offset voltage typically changes 3 pV, due to the chip temperature increasing 10°C to 20°C from 
the moment the power supplies are turned on. In the 10-second measurement interval, these 
temperature-induced effects can easily exceed tens of nanovolts. 


2. The device must be well shielded from air currents to eliminate thermoelectric effects. In excess of 
a few nanovolts, thermoelectric effects would invalidate the measurements. 


2 


3. Sudden motion in the vicinity of the device can produce a feedthrough effect that increases observed 
noise. 


When measuring noise on a large number of units, a noise-voltage density test is recommended. A 10-Hz 
noise-voltage density measurement will correlate well with a 0.1-Hz to 10-Hz peak-to-peak noise reading 
since both results are determined by the white noise and the location of the 1/f corner frequency. 


Figure 40 shows a circuit that measures noise current and presents the formula for calculating noise current. 
10 ko 


100 © 


[vn2 — (130 nv)2]% 
= Cno acai sets OSes al adel 
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FIGURE 40. NOISE TEST CIRCUIT 


The LT1007 and LT1037 achieve low noise, in part, by operating the input stage at 120 yA versus the 
typical 10 nA for most other operational amplifiers. Voltage noise is directly proportional to the square 
root of the stage current; therefore, the LT1007 and LT1037 noise current is relatively high. At low 
frequencies, the low 1/f current-noise corner frequency (= 120 Hz) minimizes noise current to some extent. 


In most practical applications, however, noise current will not limit system performance; this is illustrated 
in Figure 27, where: 


total noise = [(noise voltage)2 (noise current x Rs)2 + (resistor noise)2]” 


Three regions can be identified as a function of source resistance: 


(i) Rs s 4000 Voltage noise dominates in region (i) 

(ii) Rg = 400 Q to 50 kQ at 1 kHz Resistor noise dominates in region (ii) 
Rs = 400 2 to 8 kQ. at 10 Hz 

(iii) Rg > 50 kQ at 1 kHz Current noise dominates in region (iii) 
Rs > 8 kQ at 10 Hz 


The LT1007 and LT1037 should not be used in region (iii) where total system noise is at least six times 
higher than the noise voltage of the operational amplifier (i.e., the low-voltage noise specification is 
completely wasted). 
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TYPICAL APPLICATIONS 


The sine wave generator application shown below, utilizes the low-noise and low-distortion characteristics 
of the LT1037. 


430 2 


#327 LAMP{_D 


1 TOTAL HARMONIC DISTORTION < 0.0025% 
+ ome NOISE < 0.001% 
R = 1591.50 +0.1% AMPLITUDE = +8V 
C = 0.1 uF +0.1% OUTPUT FREQUENCY = 1.000 kHz FOR VALUES GIVEN + 0.4% 


FIGURE 41. ULTRA-PURE 1-kHz SINE-WAVE GENERATOR 


EQUIVALENT INPUT NOISE VOLTAGE 
OVER A 10-SECOND PERIOD 


340 k2 15kQ2 20k 
1% 5% TRIM 


f = 0.1 Hz to 10 Hz 


sisiyduiy jeuoneisdg BN) 


RN6OC FILM RESISTORS 


The high gain and wide bandwidth of the LT1037 and (LT1007) 
is useful in low-frequency high-closed-loop-gain amplifier 
applications. A typical precision Op Amp may have an open loop 
gain of one million with 500 kHz bandwidth. As the gain error plot 
shows, this device is capable of 0.1% amplifying accuracy up to 
0.3 Hz only. Even instrumentation range signals can vary at a faster 
rate. The LT1037’s ‘gain precision— bandwidth product”’ is 200 
times higher, as shown. 
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FIGURE 42 FIGURE 43. GAIN 1000 AMPLIFIER WITH 
0.01% ACCURACY, DC to 5 Hz 
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TYPICAL APPLICATIONS 


GAIN ERROR 
vs 
FREQUENCY 
CLOSED LOOP GAIN = 1000 


Gain Error—% 


et + | oo one 
+t 
ot LL 
CLOSED LOOP GAIN||| 


OPEN LOOP GAIN | 


0.1 1 10 100 


f—Frequency — Hz 
FIGURE 44 


10 kQ 


340k1% 20k 5% 


OUTPUT +10 V 


The addition of the LT1007 doubles the amplifier’s output drive 
to +33 mA. Gain accuracy is 0.02%, slightly degraded compared 
to above because of self heating of the LT1037 under load. 
FIGURE 46. PRECISION AMPLIFIER DRIVES 
300-2 LOAD TO +10 V 


Positive feedback to one of the nulling terminals creates 
approximately 5 y»V of hysteresis. Output can sink 16 mA. 


input offset voltage is typically changed less than 5 pV due to the 
feedback. 


FIGURE 45. MICROVOLT COMPARATOR 
WITH HYSTERESIS 
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OUTPUT 


ALL RESISTORS METAL FILM 
MAG PHONO 


INPUT 


FIGURE 47. PHONO PREAMPLIFIER 


INSTRUMENTS 


we 2-103 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


LT1007, LT1007A, LT1037, LT1037A 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATIONS 


4.99kQ 9.01 


TAPE HEAD _ 3 
INPUT 


ALL RESISTORS METAL FILM 
FIGURE 48. TAPE HEAD AMPLIFIEK 
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CHOPPED DETECTOR 
OUTPUT 


100 aF= 
t 


sigyydwy jeuoneiodg WS 


100 pF : OUTPUT 
392 2 TO DEMODULATOR 
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oe 
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PHOTO-CONDUCTIVE 


INFRA-RED 
OPTICAL DETECTOR 392 * 
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INFRA-RED ASSOCIATES, INC 


13 2 AT 77°K 
* = 1% metal film 


FIGURE 49. INFRA-RED DETECTOR PREAMPLIFIER 
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D3233, MAY 1988 - REVISED FEBRUARY 1989 


© Input Bias Current... + 30 pA Typ, JG OR P PACKAGE 
+ 100 pA Max at 25°C (TOP VIEW) 

@ Input Offset Voltage .. . 30 wV Typ, compi[]1 _) sf] comp2 
120 pV Max at 25°C 


@ Offset Voltage Temperature Coefficient... 
1.5 uV/°C Max 


@ Low Peak-to-Peak Noise Voltage at 
0.1 Hzto10Hz...0.5uV 


L PACKAGE 
(TOP VIEW) 
@ Low Supply Current. ..380 A Typ, COMP2 


600 A Max at 25°C 


@ Supply Voltage Rejection Ratio ...114dB 
Min at 25°C 


@ Common-Mode Rejection Ratio... 114 dB 
Min at 25°C 


@ High Voltage Amplification with 5-mA Load 
Current 


NC — No internal connection 
Pin 4 (L Package) is in electrical contact 


@ Applications: with the case. 
Precision Instrumentation 
Charge Integrators symbol 
Wide-Dynamic-Range Logarithmic 
Amplifiers IN + 
Light Meters OUT 
Low-Frequency Active Filters 
Standard Cell Buffers COMP2 
Thermocouple Amplifiers 


Operational Amplifiers ee 


description 


The LT1008 is a precision operational amplifier that can be used in practically all precision applications. The 
LT1008 offers picoampere bias currents (maintained over the full temperature range), microvolt offset voltage, 
low offset voltage temperature coefficient and long-term drift, low voltage and current noise, and low power 
dissipation. Additionally, the LT1008’s precision specifications include high common-mode and supply voltage 
rejection ratios. The LT1008 can deliver a 5-mA load current with high voltage amplification. 


The LT1008 is externally compensated with a single capacitor to add flexibility in shaping the frequency 
response of the amplifier. The LT1008 is a pin-for-pin replacement for the LM108 series. 


The LT1008M is characterized for operation over the full military temperature range of —55°C to 125°C. The 
LT1008C is characterized for operation from 0°C to 70°C. 


AVAILABLE OPTIONS 


CERAMIC DIP | METAL CAN | PLASTIC DIP 
(JG) (L) 


(P) 


LT1008CJG LT1008CL LT1008CP 
- "35°C 

LT1008MJG LT1008ML LT1008MP 
125° C 


PRODUCTION DATA documents contain information Copyright © 1988, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production — does not 
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schematic 


Voc + 


QUT 


IN + 


siayiydwuy jeuonjeiodg BN 


Vcc - 


All resistor values shown are nominal and in ohms. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sunol woltage: Veo (see: Note.A). Gaceecd nen sigs HeiVlicere re anid tele s Mio actin EF RADI Thad t 20 V 
SOLAN: VORRGD NM 65 isos shy) ac yeersieicsk He :b eth wonacy Rein ets in tre) otras «Sp IM ean Eeathn LOWS —-20V 
PU VONABG THROR IN. fice custard Gils cremad reed oor hie He pinaw aaa ERE e> EREE aa Aras +20 V 
Direrential nout Guitar eae: NOR 2) 663 csi s-aharscars meacarrcrcr sce 2 REA ORM BelbareeRisia sanedicin +10mA 
Duration of output short-circuit at (or below) 25°C (see Note 3)........... 0.0.6 unlimited 
Operating free-air temperature, Ta: LT1008M .... 2... ccc eee eee — 55°C to 125°C 

UTI OGOO tees ee ee Sia Be tate, 0°C to 70°C 
Storage temperaiareizanag 1c ere! PO ae SSeS a Oe eae — 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG or L package .............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ................... 260°C 


NOTES: 1. All voltage values are with respect to the midpoint between Voc, and Voc- . 
2. Differential input voltages greater than 1 V will cause excessive current to flow through the input protection diodes unless current- 
limiting resistors are used. 
3. The output may be shorted to either supply. 


recommended operating conditions 


Supply voltage, Voc 


Common-mode input voltage, Vic +13.5 | -—15 + 13.5 
Operating free-air temperature, Ta See: ie 70 
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electrical characteristics, Vcc + = + 15V, Vic = 0 (unless otherwise noted) 


PARAMETER TEST CONDITIONS Tat 


25°C 
V = t15V, Vic =0 
CCt IC Full range 


Voc+ = +15 V, 25°C 
Vic = +13.5V Full range 


Voc+ = +2Vtot20V 25°C 
Voc+ = +2.5Vto+20V/ Full range 


Average temperature 
ayviIO _—coefficient of input offset Full range 
voltage 
Long-term drift of 
. 25°C 
input offset voltage 


lio Input offset current 


Vio Input offset voltage 


2 


25°C 
Full range 
Voc + = t15V, 25°C 
Vic = +13.5V Full range 
25°C 
Full range 


Average temperature 
ONO coefficient of input offset Full range 
current 


25°C £30 +100 
Voc + = £15V,Vic = 0 
wes = Full range 
| Vocg = £15V, 25°C +40 +150 
IB eee oe Vic = #13.5V Full range 
Vocz = t2Vtor20V | 25°C +40 +150 
Von PoE vi 200 V1 Fun renge 


Average temperature 
Ou1B coefficient of input bias ee Full range a <: 
current 
voltage range 
OM 


Voc+ = +15 V,Vic = 0 


Operational Ampili: iers 


Full range 


V Maximum pans output R = 10kQ 25°C 213° i 
voltage swing Full range 


L 
Vo = +12V, 25°C 
Ry = 10kQ Full range 
Vo = £10V,R, 2 2kQ 25°C 


Cuneo Vic = 113.5 V nd 
rejection ratio Full range 
k Supply-voltage rejection Voc+ = t2Vto+20V 25°C 
SVR ratio (AVoc+/ AVio) Voc + = £25 Vto+20V| Full range 
Voc + = +15 V, . 
Vic = #13.5V sulky 


oe Se See Vocz=22Vtor20V | 25°C 
Voc+ = +15V,Vic = 0 | Full range 


TFull range is —55°C to 125°C for the LT1008M and 0°C to 70°C for the LT1008C. 


Large-signal differential 


A 
VD voltage amplification 
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LT1008M, LT1008C 
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operating characteristics, Voc + = +15 V,Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN. TYP MAX | UNIT 
SR _ Slew rate at unity gain Cy = 30 pF, See Figure 29(a) 
VNPP  Peak-to-peak equivalent input noise voltage f = 0.1 Hz to 10 Hz ieee SSR eae 


f = 10 Hz 17 30 
Vn Equivalent input noise voltage aa o = nV/VHz 


In Equivalent input noise current f = 10 Hz Bass | See Pe 


TYPICAL CHARACTERISTICS 


table of graphs 


V Input offset voltage ea ia brsote 
lo P 9 - vs Source resistance 
vs Time — minutes 
AV hange in input offset voltage ‘ 
Temperature coefficient of 
avIO vs Source resistance 
input offset voltage 
vs Common-mode input voltage 
lip Input bias current 
vs Temperature 


1 

5 

2 

3 

6 

7 

8 
vs Load resistance 9 

A i ial vol lificati 

3 

5 

6 

7 

8 

9 


| _CMRR_ Common-mode rejectionratio | Svs Frequency |S 
| Ksvp_ Supply-voltage rejection ratio | vs Frequency | 
Se eee ee Ret ee ee a | 
eS See ee ee PT ee 2 eee eee 
Li .-Slote tate) | eon cme NOR = f= AB | 
|__Vnpp__Peak-to-peak equivalent inputnoise voltage | vs Time | 
equivalent input noise current 
| ______—Total equivalent input noise voltage |v Sourceresistance | 1D 


Pulse response Small-signal 20, 21, 22 
: . Large-signal 23. 24 


1 
1 
1 
1 
1 
1 


2-108 TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 » DALLAS, TEXAS 75265 


LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
LOW-NOISE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS? 


INPUT OFFSET VOLTAGE WARM-UP CHANGE IN 
OF REPRESENTATIVE UNITS INPUT OFFSET VOLTAGE 
VS vs 
FREE-AIR TEMPERATURE ELAPSED TIME 


Voc+ = +15V 


Vio — Input Offset Voltage — pV 


a ive i 
1 2 3 4 5 


AVio — Change In Input Offset Voltage — pV 
i<s) 
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-50 -25 0 25 50 75 100 125 0 
Ta — Free-Air Temperature -— °C Time After Power-On — minutes 
FIGURE 1 FIGURE 2 
LONG-TERM DRIFT OF SUPPLY CURRENT 
INPUT OFFSET VOLTAGE vs 
OF REPRESENTATIVE UNITS SUPPLY VOLTAGE 
10 500 
+ 8F tT, = 25°C 
| A= 
z ° < 
$ 4 
9 4 
2 2 
5 5 
3 O > 400 
= a 
5 -4 Q 
5 2 
1 —6 
Q 
> -§ 
-10 300 
0 +5 +10 +15 +20 
t — Time — months Vcoc+ — Supply Voltage — V 
FIGURE 3 FIGURE 4 


tData for temperatures below 0°C and above 70°C are applicable to the LT1008M only. 
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TYPICAL CHARACTERISTICSt 


AVERAGE TEMPERATURE COEFFICIENT 


INPUT OFFSET VOLTAGE OF INPUT OFFSET VOLTAGE 
vs vs 
SOURCE RESISTANCE SOURCE RESISTANCE 


Voc+ = +t15V 


pao ci 
{a eR 
ia oo Pai 
es eee 
ied Siac 
preety ae 
aa cat 2 meee 
Se Ae a NE: 
ee 


Vio — Input Offset Voltage — mV 


oO 
— 
> 
= 
| 
z 
& 
= 
= 
8 
oO 
: 
2 
= 
2. 
5 
Ee 
! 
o 
=> 
3 
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1k 10 k 100 k 1M 10M 100 M “4k 10k 100 k 1M 10M 100 M 
Rs — Source Resistance — Q Rs — Source Resistance — Q 
FIGURE 5 FIGURE 6 
INPUT BIAS CURRENT INPUT BIAS CURRENT 
VS VS 
COMMON-MODE INPUT VOLTAGE FREE-AIR TEMPERATURE 


wea acces 


iia UNDERCANCELLED UNIT : 
Gia ie wa® 
NU 


OVERCANCELLED UNIT 


tic = 2x 10129 


lig — Input Bias Current — pA 
lip — Input Bias Current — pA 


-15 -10 -5 0 5 10 15 
Vic -— Common-Mode Input Voltage — V Ta — Free-Air Temperature — °C 
FIGURE 7 FIGURE 8 


tData for temperatures below 0°C and above 70°C are applicable to the LT1008M only. 
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TYPICAL CHARACTERISTICS* 


LARGE-SIGNAL LARGE-SIGNAL DIFFERENTIAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION and PHASE SHIFT 
vs vs 
LOAD RESISTANCE FREQUENCY 
10M aa 40 100° 
=) geste “ TN 
| Possey : ‘ INA HT 
5 te § aofLN a \ 120° 
§ 3M — eee 8 > \\ 
“ey Sn a caer a ‘ “\\ 
5 Py E20 BS N 140° = 
< xq \\ 
= Aen. Ta = 125°C @ HiT \ G 
e 1M ‘ha vasa ime en g a 
= ae a oe eee See o = 
= ay 7 am or > sie a 
fill Ne 
e Ly S : 
© 300k = eames 
= = Voc + =t15V . 
ie a fob topes "0 
a © Ta = 25°C 
> < 
< See Figure 29(a) 
100 k 200° 
0.01 0.1 1 10 
Ry. — Load Resistance — kQ f — Frequency — MHz 
FIGURE 9 FIGURE 10 
LARGE-SIGNAL LARGE-SIGNAL DIFFERENTIAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION and PHASE SHIFT 
vs vs 
FREQUENCY FREQUENCY 


100° 


Hi | 
NTT « Cy = 10 pF 
AG \e= 000 
iN 140° 
NK 1 
Vec+ = 215V \ + ll - 
Ryu = 10 kQ 10 
Ta = 25°C 
See Figure 29(b) ~ 
: 200° 


0 
0.01 0.4 1 10 100 1k 10k 100k 1M 10M 1 10 
f — Frequency — Hz f — Frequency — MHz 


FIGURE 11 FIGURE 12 


Voc + =+t15V 
Ri = 10 kQ 

Ta = 25°C 

See ih a y 


Ayp — Differential Voltage Amplification — dB 
Ayp — Differential Voltage Amplification — dB 
@ — Phase Shift 


tData for temperatures below 0°C and above 70°C are applicable to the LT1008M only. 
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TYPICAL CHARACTERISTICSt 


COMMON-MODE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO 
VS VS 
l-REQUENCY FREQUENCY 


= ial 
BSSGGnR 
BAN Nain 


Vcc + = +15 V 
Vic = £13.5V 
Ta = 25°C 

See Figure 29 


CMRR — Common-Mode Rejection Ratio — dB 
kKsvpr — Supply Voltage Rejection Ratio — dB 


siaiyduiy jeuoieisdg a 


1k 10k 0.1 1 10 100 ik 10k 100k 1M 
f -. Frequency — Hz f — Frequency — Hz 
FIGURE 13 FIGURE 14 
SHORT-CIRGUIT OUTPUT CURRENT SLEW RATE 
Vs VS 
E|_APSED TIME COMPENSATION CAPACITANCE 
ES ST i) BST eee 
et or ee «SY 
< WER idee: Ss REO SE 
Ee pen oh dae [is eee 
EE a ee eT 
= £ bu i eee 
: § Wel i 
| i) 
oO ea 2 eee, 7 2a ee 
= = hb SEE Oo Lg EP SSI 
3 a WEE has. ILS. 
i ” 3 WS" 2 
S) | EE RRP Pars 
E 5 
7) 
2 
2 
“ime — minutes Compensation Capacitance — pF 
FIGURE 15 FIGURE 16 


tData for temperatures below 0°C and above 70°C are applicable to the LT1008M only. 
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TYPICAL CHARACTERISTICS 


OUTPUT NOISE VOLTAGE 
OVER A 10-SECOND PERIOD 


Voc = t2Vto+20V 
f = 0.1 Hz to 10 Hz 


t-Time-s 


FIGURE 17 


TOTAL EQUIVALENT INPUT NOISE VOLTAGE 


VS 
SOURCE RESISTANCE 
—0=F—KGK€<€_)][IlIle——————— 


N 
‘ 


NI 
hi 
NS 


~ 


* 


ae 


Be 


eae BP a RESISTOR NOISE ONLY 


Vn — Equivalent Input Noise Voltage — nV/VHz 


EQUIVALENT INPUT NOISE VOLTAGE 
and EQUIVALENT INPUT NOISE CURRENT 


VS 
FREQUENCY 


100 


any eet HH 
Rein. @ 
SS At 
Val TTT 


St 


1/f CORNER = 2.5 Hz —}} + eR 


10 


ier OE Ae A SA A LS Se NS A LT 
Sr aimeio! Rae 1/f CORNER = 120 Hz 


Cte CCH 
. — Frequency — Hz 


100 1000 
FIGURE 18 


I, — Equivalent Input Noise Current — fA/VHz 
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VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 


Ay =1 

Cr= 30 pF 
Cy = 100 p 
Ta = 25°C 


Vo-— Output Voltage — mV 


0.01 
102 103 104 10° 106 0 10 20 30 40 50 60 70 
Rs — Source Resistance — 2 t-— Time — ps 
FIGURE 19 FIGURE 20 
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TYPICAL CHARACTERISTICS 


VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL SMALL-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


Sew a? <a CASE Ue MMB is RAPCOR A. eet 
Ay =1 


Cs = 100 pF 
rn ieee aes ‘ Tio ee say lea 
. . Ta ='25°C 
2 ie 2 
= = 
$ $s 
oe) 5 5 
= 
a 2 
e) 
3 
o 
> 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 
3 
os t - Time —- ps t - Time - ys 
= FIGURE 21 FIGURE 22 
© 
a VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


Vec+ = +15V 


Cs = 100 pF 


Vo-— Output Voltage —- mV 
Vo-— Output Voltage - mV 


0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 
t — Time -— us t — Time — ps 
FIGURE 23 FIGURE 24 
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TYPICAL APPLICATION DATA 
achieving picoampere, microvolt performance 


Proper care should be exercised to realize the picoampere, microvolt accuracy of the LT1008. Because 
leakage currents in external circuitry can significantly degrade performance, high-quality insulation should be 
used (e. g., Teflon, Kel-F). All insulating surfaces should be cleaned to remove fluxes and other residues. 
Surface coating may be necessary to provide a moisture barrier in high-humidity environments. 


Board leakage can be minimized by encircling the input circuitry with a guard ring operated at a potential close 
to that of the inputs (see Figure 25). In inverting configurations, the guard ring should be tied to ground; in 
noninverting configurations, the guard ring should be tied to the inverting input (pin 2). Both sides of the 
printed circuit board should be guarded. Bulk leakage reduction depends on the guard ring width. 
Nanoampere-level leakage into the compensation terminals can affect input offset voltage and its temperature 
coefficient (see Figure 26). 


Microvolt-level error voltages can also be generated in the external circuitry. Thermocouple effects, caused 
by temperature gradients across dissimilar metals at the contacts to the input terminals, can exceed the 
inherent temperature coefficient of the amplifier. Air currents over device leads should be minimized, package 
leads should be short, and the two input leads should be as close together as possible and maintained at the 
same temperature. The LT1008 is specified over a wide range of supply voltages from +2 V to +18 V. 
Operation with lower supplies (down to +1 V) is possible with two Ni-Cad batteries. 


R1 


Operational Amplifiers ee 


R2 : 
100 2 Wee, Yor te 


NOTES: A. Resistors must have low thermoelectric potential. 
B. This circuit is also used as the burn-in configuration for 
the LT1008, with supply voltages increased to + 20 V, 
R1 = R3 = 20kQ, R2 = 200Q, and Ay = 100. 


FIGURE 25. GUARD RING FIGURE 26. TEST CIRCUIT FOR Vig AND ayio 


noise testing 


The peak-to-peak equivalent input noise voltage of the LT1008 is measured in the test circuit shown in 
Figure 27. The frequency response of this noise tester indicates that the 0.1-Hz to 10-Hz noise should not 
exceed 10 seconds, as this time limit acts as an additional zero to eliminate noise contributions from the 
frequency band below 0.1 Hz. 


An input noise voltage test is recommended when measuring noise in a large number of units. A 10-Hz input 
noise voltage measurement correlates well with a 0.1-Hz peak-to-peak noise reading because both results are 
determined by the white noise and the location of the 1/f corner frequency. 


Current noise is measured by the current shown in Figure 28 and calculated by the following formula in which 


the noise of the source resistors is subtracted: 


[Vno~ — (820 nv)* 1" 


4 We 40 MQ x 100 
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TYPICAL APPLICATION DATA 
noise testing (continued) 


LT1001 


4.300); FEU OSCILLOSCOPE 


Rin = 1MQ 
110 kQ 


NOTE A: All capacitor values are for nonpolarized capacitors only. 


FIGURE 27. 0.1-Hz TO 10-Hz PEAK-TO-PEAK NOISE VOLTAGE TEST CIRCUIT 


Suaijdwiy jeuonesodg ns) 


T Metal film. 


FIGURE 28. NOISE CURRENT TEST CIRCUIT 


frequency compensation 


The LT1008 is externally frequency compensated with a single capacitor. The two compensation circuits 
shown in Figure 29 are identical to the frequency compensation circuits for the LM108A series. Therefore, 
the LT1008 operational amplifiers can be inserted directly into LM108A or LM308A sockets, with similar ac and 
upgraded dc performance. 


R1 R2 
IN- IN - R1 R2 
LT1008 LT1008 
R3 OUT R3 OUT 
IN + IN + 
Cr (see Note A) + (see Note C) 
(a) STANDARD COMPENSATION (b) ALTERNATE COMPENSATION (see Note B) 


NOTES: A. C¢ 2 (R1 x Co) /(R1 + R2), Cg = 30 pF. Bandwidth and slew rate are proportional to 1/Cx. 
B. This circuit improves the supply voltage rejection ratio by a factor of 5. 
C. Bandwidth and slew rate are proportional to 1/Cg. 
D. For (R2/R1) > 200, no external frequency compensation is necessary. 


FIGURE 29. FREQUENCY COMPENSATION CIRCUITS (see Note D) 
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TYPICAL APPLICATION DATA 


frequency compensation (continued) 


Vo — Output Voltage — V 


External frequency compensation provides additional flexibility in shaping the frequency response of the 
amplifier. For example, for a voltage gain of 10 and Cs = 3 pF, a gain-bandwidth product of 5 MHz and slew 
rate of 1.2 V/us can be realized. For closed-loop gains greater than 200, no external compensation is 
necessary, and the slew rate increases to 4 V/us. The LT1008 can also be overcompensated (e.g., Cs > 30 pF 
or Cg > 100 pF) to improve capacitive-load-handling capability or to narrow noise bandwidth. In applications 
in which the feedback loop around the amplifier has gain, overcompensation can stabilize the circuit with a 
single capacitor. 


The availability of the compensation terminals permits the use of feed-forward frequency compensation to 
enhance slew rate in low closed-loop-gain configurations (see Figure 30). The inverter slew rate is increased 


to 1.4 V/us. The voltage-follower feed-forward scheme bypasses the amplifier’s gain stages and slews at 
nearly 10 V/us. 


OUT 


IN 
(see Note A) 


1000 pF 


20 


15 


ER aSaa7 Fan 
Sid da aiiees 
“Cee 
“FATE 


Vo — Output Voltage — V 
o 


I 
_ 
°o 


x i bathe bet 
yi im od 
10 15 20 25 30 35 40 10 15 20 25 30 35 
ict — Time — ps - - si us 
(a) INVERTER FEED-FORWARD (b) VOLTAGE-FOLLOWER FEED-FORWARD 


FIGURE 30. FREQUENCY COMPENSATION CIRCUITS 
and VOLTAGE-FOLLOWER PULSE RESPONSES 
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TYPICAL APPLICATION DATA 


other considerations 


The inputs of the LT1008 are protected by back-to-back diodes. Current-limiting resistors are not used 
because the leakage of these resistors would prevent the realization of picoampere-level bias currents at 
elevated temperatures. In the voltage-follower configuration, when the input is driven by a fast, large-signal 
pulse (> 1 V), the input protection diodes effectively short the output to the input during slewing, and a current, 
limited only by the output short-circuit protection, flows through the diodes. 


The use of a feedback resistor, as shown in the voltage-follower feed-forward diagram, is recommended 
because this resistor keeps the current below the short-circuit limit, resulting in faster recovery and settling 
of the output. 


typical applications 


LT1008 


sisipyduiy jeuojeiodg BW) 


(see Note A) 
FN507 
ALLEN BRADLEY 1kQ 
DECADE (see Note A) TO 1-V FULL-SCALE 
VOLTAGE DIVIDER : ANALOG-TO-DIGITAL 
CONVERTER 


NOTES: A. Ratio match + 0.01 %. 
B. This application requires low bias current, low offset voltage and offset voltage 
temperature coefficient, low noise, and low long-term offset voltage drift. 


FIGURE 31. INPUT AMPLIFIER FOR 4 1/2-DiIGIT VOLTMETER 


15V 


10 kQ 
* (see Note B) 


ee eae 


NOTES: A. The low bias current and offset voltage of the LT1008 allow 4 1/2 decades of voltage input logging. 


B. 1% film resistor. 
C. Tel. Labs, Type Q81. 


FIGURE 32. LOGARITHMIC AMPLIFIER 
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TYPICAL APPLICATION DATA 


1oKat 
Vi 


t 
0-10V 63.4 kat ne 


my OPTIONAL 
50 kQ 0.01-Hz TRIM 
15V 
-— 15'¥ 22 MQ 
1.8kQ 
=: LT1008 


750 kQ 


LT311 " 


ct 


5 pF 
11% metal film resistor 


NOTES: A. TheLT1008 integrator extends the low frequency range. The total dynamic range is 0.01 Hz to 10 kHz (or 120 dB) with0.01% 


linearity. 
B. All diodes 1N4148. 


1000 pF (POLYSTYRENE) 
LM301A 
1kQ 
LM329 
10 kat Se 
15V % 
sei 10 kQ 10 ka 
LT1004C TaUOE TS eS 
1 42V 
FREQUENCY OUTPUT 


0.01 Hz to 10 kHz 


FIGURE 33. EXTENDED RANGE CHARGE PUMP VOLTAGE-TO-FREQUENCY CONVERTER 


R1 
5 MQ 
1% 


Vo = 10 V/A 


FIGURE 34. AMPLIFIER FOR PHOTODIODE 
SENSOR 


100 kQ 
KELVIN-VARLEY rae A 
DIVIDER = 1000 pF 
ESI#DP311 
00000 - 
99999 + 1 


NOTE A: Approximate error due to noise, bias 
current, common-mode rejection, 
and voltage gain of the amplifier is 1/5 
of a least significant bit. 


FIGURE 35. FIVE-DECADE KELVIN-VARLEY 
DIVIDER BUFFERED BY THE LT1008 
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TYPICAL APPLICATION DATA 


OUT 
T318A 10 kat 10 kat 


IN 
1N4148 


OUT 


sidlijduiy jeuoneisdg 


(a) SR = 100 V/us (b) SR = 50 V/us 
lip = 30 pA lip = 30pA 
Vio = 30 nV Vio = 30pnV 
Settling = 5 pus to 0.01%/10-V step ayiIO = 0.3 pV/°C 
BW = 2MHz 


Settling = 12 us to 0.01%/10-V step 


t1% metal film resistor. 


FIGURE 36. FAST PRECISION INVERTERS 


1.018235 V 
SATURATED 
STANDARD CELL 
#101 

EPPLEY LABS 
NEWPORT, R.I. 


OUT 


NOTE A: The typical 30-pA input bias current of the LT1008 will 
degrade the standard cell by only 1 ppm/year. Noise is a 
fraction of a ppm. Unprotected gate MOSFET isolates 
standard cell on power down. 


FIGURE 37. AMPLIFIER FOR BRIDGE FIGURE 38. SATURATED STANDARD-CELL 
TRANSDUCERS AMPLIFIER 


NOTE A: Ayp = 100. 
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TYPICAL APPLICATION DATA 


10 kQ 


15V 


LT1004C-1.2 
—> 
INPUT 

CURRENT 


LT1008 


NOTES: A. This ammeter measures currents from 100 pA to 100 uA without the use of 
expensive high-value resistors. Accuracy at 100 uA is limited by the offset voltage 
between Q1 and Q2 and, at 100 pA, by the inverting bias current of the LT1008. 

B. Q1-Q4 RCA CA3146 transistor array. 
C. Adjust R1 for full-scale deflection with 1-uA input current. 


FIGURE 39. AMMETER WITH 6-DECADE RANGE 


Exas WP 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


Operational Amplifiers ‘ee 


2-121 


LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
LOW-NOISE OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


10 kQ 


OUT 


15V 


LT311A 


FILTER CUT 
IN ADJUST 


1002 10kQ 


NOTES: A. This circuit is useful where fast signal acquisition and high 
precision are required, as in electronic scales. The filter's time 
constant is set by’ the 2-kQ resistor and the 1-uF capacitor until 
COMP1 switches. The time constant is then set by the 1.5-MQ 
resistor and the 1-uF capacitor. COMP2 provides a quick reset. 
The circuit settles to a final value three times as fast as a simple 
1.5-MQ, 1-uF filter with almost no de error. 

B. OPTO-MOS switch, Type OFMIA, Theta-J Corp. 


FIGURE 40. PRECISION, FAST-SETTLING, LOW-PASS FILTER. 
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D3186, MARCH 1989 


@ Internally Compensated . P PACKAGE 


(TOP VIEW) 
e Input Offset Voltage: 
LT1012M...35 pV Max Vio TRIM (]1 U 8[) Vio TRIM 
LT1012C ...50 nV Max IN — 71) Vec+ 


IN+ L]3 6 |.) OUT 


@ Input Bias Current (LT1012M): Vec- [4 51] OVERCOMP 
100 pA Max at 25°C 
600 pA Max from —55°C to 125°C L PACKAGE 
® ayvio... 1.5 uV/°C Max . (TOP VIEW) 
V 
© Typical Peak-To-Peak Noise Voltage .. . se 
0.5 pV at f = 0.1 Hz to 10 Hz 
@ Low Supply Current... 600 pA Max Vio TRIM /q) @\Vcc + 
e CMRR...114 dB Min (LT1012M) IN-{® ©] OUT 
e ksv»\... 114 dB Min (LT1012M) IN+\@ ® © / OVERCOMP 
e 5-mA Load Current with Voltage Gain of spe 
200,000 Min (LT1012M) 5, 


Pin 4 (L package) is in electrical contact with the case. 
description 


The LT1012 is an internally compensated operational amplifier that can be used in practically all precision 
applications. The LT1012 combines picoampere bias currents (maintained over the full temperature range), 
microvolt offset voltage, low offset voltage temperature coefficient and long-term drift, low voltage and current 
noise, and low power dissipation. High common-mode and supply voltage rejection ratios, low warm-up drift, 


and the capability to deliver 5-mA load current with a voltage gain of 200,000 complete the LT1012’s precision 
specifications. 
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The LT1012M is characterized for operation over the full military temperature range of —55°C to 125°C. The 
LT1012C is characterized for operation from 0°C to 70°C. 


symbol 
Vcc + (7) ee OPTIONS 
een Tp Vio MAX METAL CAN aercean | To DIP 
Vio TRIM at 25°C 
IN — 0°C 
to 50 pV LT1012CL LT1012CP 
IN + 
Vcc- 
OVER COMP 
PRODUCTION DATA documents contain information Copyright © 1989, Texas Instruments Incorporated 
pea * of poy igs date. a. someon . Ti 4 
specifications erms of Texas instrumen 
standard sane Production processing does not EXAS 


necessarily include testing of all parameters. INST RUMENTS 2-123 
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schematic 


suaiyduny jeuonje19doO aad 


(5) 


OVERCOMP 


Vio TRIM 


Vio TRIM 


me 


i 


Q42 


All resistor values shown are nominal 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SSL SOriterents rane rer eG INET so ca aves bo as) «nl oP epee euadaenenile aaa +20 V 
OO Wenn Vit NOG NNINE PP) ee. bina y yoaiee bin gee ace oe oak efi MEL, plete ate —-20V 
coy LS SA ard th) Sg ie 3 geen SP ene ce aera rie fab en meeairer | tangy rade VCC+ 
Leerenitiat sDULIUNTONt (SOO NOLO hoo. ie cis es cos kw otic cated ibe @ ue wee ee ee +10 mA 
Duration: Of Output ShOrecircuit at oripetow 25°C. ee Le an unlimited 
Operating free-air temperature range: LT1012M............... 0020 eee —55°C to 125°C 

Sore ea cc ky she oe Ee he a aa aes 0°C to 70°C 
Slerage temperate (ands: 4465.0 See ss soa Vor oe sd oo a oe eee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: Lpackage ......... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ......... 260°C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Voc+ and Voc-. 


2. Differential input voltages greater than 1 V cause excessive current to flow through the input protection diodes unless limiting 
resistance is used. 
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LT1012M, LT1012C 
HIGH-PERFORMANCE, LOW-NOISE OPERATIONAL AMPLIFIERS 


electrical characteristics, VcC+ = +15 V, Vic = 0 (unless otherwise noted) 


LT1012M LT1012C 
PARAMETER TEST CONDITIONS 


min 
meee oe eg te 

Pemrenge pe Pe | 
VoGs = =15V, ee Saeed ean 
Vic = #135 V Cc Co 
Vos ==2Vios20v | ac | 20 90] 28 ~—~1a0; 
Voc ==25Vie=20V | Fullrange | __—=250 | —SSCSCS~« 


Average temperature 
aVvio coefficient of input offset Full range 1.5 | pvc 
voltage 


Long-term drift of 
aaa V 
input offset voltage “ela: vio vio 
ao ee 
Voc+ = +15 V, Vic =0 ee 


a ee 
Voce = #18V, 1S 
lo Input offset current CG+ : 
Vic = #135 V 1 | eM RSF 2) 
Vocz=22Vtoz20v | 2c | 25 160| 80 200 | 
ces eee ae 


cos = 216V.vo =o 
Voos = 2i8V, 
Vig = #135 
Voces = 225Vt0 =20V i range 


UNIT 


Vio Input offset voltage 


Average temperature 
ayo coefficient of input offset 
current 


lip Input bias current 


Average temperature 
auB coefficient of input bias 
current 


Common-mode input oo Se eee 
VICR votage range Stee sae 
igs 
voage swing 
Woo BBV 
yp wrae-sional diferente [A = 1040 Seep ce ane ce ae 
voltage ampiiicaion [Vg = 210, 
A= 2ko eee es 
a ana haa Vic = £13.5V 
foe Stee” Reese tatoo 
tio (AVC s/8Vi0 


Voc# = +15 V, 25°C 
Vic = +13.5V 
loc Supply current 


Yoox = =2Vi0 =20V ae ar] ae 
Po ee eee ae ee 


T Full range is —55°C to 125°C for the LT1012M and 0°C to 70°C for the LT1012C. 
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LT1012M, LT1012C 
HIGH-PERFORMANCE, LOW-NOISE OPERATIONAL AMPLIFIERS 


operating characteristics at Ta = 25°C, Vcc+ = +15V 


Peak-to-peak equivalent input noise 


VN(PP) voltage 


V Equivalent input noi 
n quivalent input noise voltage f= 1 kHz 


les Equivalent input noise current is) 3 eeee 


NOTE 3: This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing on 
testing or nontesting of other parameters. 


PARAMETER MEASUREMENT INFORMATION 


Rit 
50 ko 
R2?t < 
100 2 O 
R3! -15V 
50 kf 


= Vo = 1000 Vos 


T Resistors must have low thermoelectric potential. 
This circuit is also used as the burn-in configuration for the 
LT1012, with supply voltages increased to +20 V, R1 = R3 = 
20 kQ, R2 = 2002, Ay = 100. 


FIGURE 1. TEST CIRCUIT FOR OFFSET VOLTAGE AND ITS TEMPERATURE COEFFICIENT 
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LT1028, LT1028A 
ULTRALOW-NOISE, HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


D3239, MAY 1988 —- REVISED MARCH 1989 


@ Very Low Input Noise Voltage: DW PACKAGE 
1.1 nV/VHz Max , 0.85 nV/VHz Typ at 1 kHz (TOP VIEW) 
for LT1028AM, LT1028AC 


@ Low Peak-To-Peak Input Noise Voltage... 
35 nV Typ atf = 0.1 Hz to 10 Hz 


@ Noise Voltage and Current 100% Tested 
® Gain-Bandwidth Product. ..50 MHz Min 
@ Slew Rate... 11 V/us Min 

@ Input Offset Voltage... 40 uV Max at 25°C 


for LT1028AM, LT1028AC NC — No internal connection 
@ Offset Voltage Temperature Coefficient... JG OR P PACKAGE 
0.8 wV/°C Max for LT1028AM, LT1028AC (TOP VIEW) 


@ Applications: 
Low-Noise Frequency Synthesizers 
High-Quality Audio 
Infrared Detectors 
Accelerometer and Gyro Amplifiers 
350-Q Bridge Signal Conditioning 


Vio TRIM (11 U sf] Vio TRIM 
IN-| ]2 71) Voc + 
IN+[13  6f ]OuT 

Vec_-(]4 5 ]OVERCOMP 


Magnetic Search Coil Amplifiers L PACKAGE 
Hydrophone Amplifiers (TOP VIEW) 
_ Vio TRIM 
description 


Operational Amplifiers ae 


The LT1028 features excellent noise 
performance combined with high-speed 
specifications, distortion-free output, and true 
precision parameters. Although the LT1028 input 
stage operates at collector currents of nearly 
1 mA to achieve low voltage noise, the input bias Pin 4 (L package) is in electrical 
current is only 25 or 30 nA at 25°C. The noise contact with the case. 

voltage of the LT1028 is less than the noise of a 

50-Q resistor. Therefore, even in very-low- 

source-impedance transducer or audio amplifier 

applications, the device’s contribution to total 

system noise will be negligible. 


The LT1028AM and LT1028M are characterized 
for operation over the full military temperature 
range of —55°C to 125°C. The LT1028AC and 
LT1028C are characterized for operation from 
0°C to 70°C. 


AVAILABLE OPTIONS 


Ta eee SMALL OUTLINE | CERAMIC DIP | METAL CAN | PLASTIC DIP 
(DW) (JG) (L) (P) 


—- LT1028ACJG | LT1028ACL 
70°C 


80nV | LT1028ACDW | LT1028CJG | LT1028CL 
~ §5°C LT1028AMJG | LT1028AML 
125°C | 80nV | LT1028MJG | LT1028ML 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production —- does not 


necessarily include testing of all parameters. INSTRUM ENTS 
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LT1028, LT1028A 
ULTRALOW-NOISE, HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


schematic 


Vio TRIM 


IN + 


R13 
750Q 25 pF 


Voc - 
OVERCOMP 


All component and current values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc, (see Note 1): LT1028AM, LT1028M ..... 00 eee eee eee 22 V 

LTI028AC, LT1G28G 4 Oey OTS Sr Fe PIS A PEGs 16 V 
Supply voltage, Voc— (see Note 1) LT1028AM, LT1028M ............ ccc eee cee cee eee -22V 

TRO ZR UG a kori olny Keds SR RAD EROS Tan -16V 
Dittérential input current: (eee Note 2)... sd. «623. Sig, tesdeaioe in ER ted bore eereiceace +25 mA 
input voltage range, Vi (any input, see Note 1)... aiews feng ok fap se CER HE SARA Sm wceryy Voc + 
Duration of output short-circuit at (or below) 25°C (see Note 2)........... 0 cee eee eee ees unlimited 
Operating free-air temperature, Ta: LT1028AM, LT1028M .............. 0c eee eee — 55°C to 125°C 

Lo retey OPPs. kek 5 oo vote ahs ee ee AS 0°C to 70°C 
WITAGS LONOOTERI TBAGO .s.. ccs e Sr ee CRI ee nk ke Ree eR Ces —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package............... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package .............. 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc-. 
2. The specified values for this parameter takes into account junction temperature increase due to supply and output currents. 
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LT1028M, LT1028AM 
‘ ULTRALOW-NOISE, HIGH SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = + 15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS Ta 
2o°G 
V Input offset voltage See Note 3 
. Temperature coefficient 55°C to 125°C 
VIO of input offset voltage 
Input offset votlage Sno Nee A 25°C 
long-term drift 
25°C 
| Input offset current V 0 
25°C 
| Input bias current V 0 


c-* 
C= 
Common-mode input 25°C St 2122 
voltage range — 55°C to 125°C | + 10.3 
25°C $12- 2413 
Maximum peak output > 2kQ 
AE OOS Oe : — 55°C to 125°C | + 10.3 
Le 
O = 


LT1028M LT1028AM 
MIN TYP MAX MIN TYP MAX 


c 
< 
= 


can 
fee] 
oOo 


| 
oO 
oe 
=) 
—s 
oO 
> 
Oo 


=" 


a 
oO 


2 

w 
— —_ 
© ° 
ro) ° 


R 
It swin 
eee ge RL > 6002 25°C 410.5 +122 
Vo = £12V,R, = 2kO 25°C 
Large-signal Vo = £10V,R_ 2 2kQ |— 55°C to 125°C 


Shey voltage Vo = £10V, RL > 1ka 25°C 
amplification — 55°C to 125°C 


= +10V, Ri > 6002 25°C 


o1 


no . 
_ 
uo 


Common-mode 
input resistance 


Differential-mode 
fj ; ‘ 25°C 
2! input resistance Seer eet 
BM ote Tees 
ee) 


Cc Input capacitance 25°C 


r 25°C 


th 
oO 


” 
ad 
® 
= 
a 
E 
= § 
© 
c 
2) 
7 
Ae) 
hes 
® 
a. 
©) 


Vo= 
z Output impedance Vo = 9, Io = 0, Open loop 25°C 
CMRR Common-mode Vic = +11V 25°C 110 126 
rejection ratio Vic = +10.3V —55°C to 125°C} 100 


Supply-voltage Vcc +=+4Vto+ 18V 25°C 140 os 
ksyr__ rejection ratio 
(AVcc +/ AVio) Voc+ = +4.5V to + 16V 


I | 
a on 
a n 

° i) 
oO O 
Comal - 
So S 
—s —" 
nm nm 
on an 

°o ° 
@) O 
—s 
wo 

© 
a 


loc Supply current 


NOTES: 3. Input offset voltage measurements are performed by automatic test equipment approximately 0.5 seconds after applying power. 
4. Input offset voltage long-term drift refers to the average trend line of offset voltage versus time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, changes in Vio during the first 30 days are typically 2.5 pV. 
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LT1028C, LT1028AC 
ULTRALOW-NOISE, HIGH SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = +15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS ot at ET Anan8e UNIT 
= MAX MIN TYP MAX 


Ss ARR a eee 
eee |e 


Temperature coefficient ' 
0°C to 70°C 0.8 | pV/°C 
of input offset voltage 
war offset voltage 
4 ° 


Mey SORE a ee | ee 
GREG Se OBL 
ey See To ae ee eae ee eT 
0°C to 70°C eum “UIA eA 
Common-mode input +11 +122 +11 +122 ‘ 
NICR voltage range 0°C to 70°C 
a SESE 
Ven, Maximum peak output 0°C to 70°C v 
OM voltage swing RL > 6009 [ a5eG «+105 +122 +11 +122 
RL = 600 Q, See Note 2 +9 +10.5 05°. 211 
APS ee Se 
Large-signal Vo = +10V, Ry = 2ka | o°C to 70°C Senken SEC Oe 
Avo aierental votage soy ms a ama |__| 35 20 | 8 +d nV 
amplification EEC AS eae Oe GC eee 
Vo = +10 V, Ri 2 600 Be ae 
Common-mode 
25°C 
input resistance 
Differential-mode 
25°C 
input resistance 
input capacitance He fe 
Output impedance ___|Vo = 0, Io = 0, Open loop Bc ee a ipa ee 
Someone Vio = 2 11V 110126 
rejection ratio Vic = #10.3V 0°C to 70°C 
ksvR ei ratio 


sii cope 7.6 10.5 
Fre 70°C 


NOTES: 2. The specified values for this parameter takes into account junction temperature increase due to supply and output currents. 
3. Input offset voltage measurements are performed by automatic test equipment approximately 0.5 seconds after applying power. 
4. Input offset voltage long-term drift refers to the average trend line of offset voltage versus time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, changes in Vio during the first 30 days are typically 2.5 pV. 


loc 
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T1028, LT1028A 
ULTRALOW-NOISE, HIGH SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc + = +15 V, Vic = 0,Ta = 25°C 


LT1028M, LT1028AM, 
PARAMETER LT1028C LT1028AC 
| 
f = 1 kHz x 


UNIT 
MIN TYP MAX MIN TYP MAX 
Equivalent input noise f = 10 Hz, See Note 6 4.7 12 4.7 10 
In current f = 1 kHz, See Note 6 1.8 { 16 pA/VHz 
GBW Gain bandwidth product | f = 20 kHz 


NOTES: 5. 10-Hz equivalent input noise voltage is tested on a sample basis. For other test requirements, please contact the factory. This 
statement has no bearing on testing or nontesting of other parameters. 
6. Noise current is defined and measured with balanced source resistors. The resulting voltage (after subtracting the resistor noise 
on an RMS basis) is divided by the sum of the two source resistors to obtain noise current. Maximum 10-Hz noise current can be 
inferred from testing at 1 kHz. 


TEST CONDITIONS 
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EXAS 4p 2-131 


Ti 
INSTRUMENTS 


POST OFFICE BOX 655012 +» DALLAS, TEXAS 75265 


N 


Operational Amplifiers 


2-132 


Short-Circuit Protection 


Wide Common-Mode and Differential 
Voltage Ranges 


No Frequency Compensation Required 
Low Power Consumption 


No Latch-up 


Designed to be Interchangeable with 
Motorola MC1558/MC1458 and Signetics 
$5558/N5558 


description 


The MC1558 and MC1458 are dual general- 
purpose operational amplifiers with each half 
electrically similar to the uA741 except that 
offset null capability is not provided. 


The high-common-mode input voltage range and 
the absence of latch-up make these amplifiers 
ideal for voltage-follower applications. The 
devices are short-circuit protected and the 
internal frequency compensation ensures 
stability without external components. 


The MC1558 is characterized for operation over 


MC1558, MC1458 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


D972, FEBRUARY 1971—REVISED MAY 1988 


MC1558 . . . JG PACKAGE 
MC1458 ... D, JG, OR P PACKAGE 


(TOP VIEW) 


MC1558 . . . U FLAT PACKAGE 
(TOP VIEW) 


MC1558 . . . FK PACKAGE 
(TOP VIEW) 


— 
= 
O 
S 

2 


+ 
O 
OO 
> 2 
See! tj 


O 
2 
3 


20 19 


ae 18} NC 
the full military temperature range of —55°C 4 Re 1771 #2 OUT 
to 125°C; the MC1458 is characterized for 
: ° ° NC 16(] NC 
operation from O0°C to 70°C. oA is] #2 IN- 
. . NC 
symbol (each amplifier) NS ts 14U 
eo: el 0 ee BO) 
NONINVERTING Oo ,;,O+0 
INPUT IN + = (y= 2 z 
OUTPUT Ta 
INVERTING te 
INPUT IN — 
NC—No internal connection 
AVAILABLE OPTIONS 
SYMBOLIZATION 
PACKAGE OPERATING 
DEVICE TEMPERATURE RANGE 
MC1558 | FK,JG,U —55°C to 125°C 5 mV 
MC1458 D,JG,P 0°C to 70°C 6 mV 
The D packages are available taped and reeled. Add the suffix R to 
the device type when ordering. (i.e., MC1458DR) 
PRODUCTION DATA documents contain information Copyright © 1979, Texas Instruments Incorporated 
current as of publication date. Products conform to j 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not 
necessarily include testing of all parameters. INST RUMENTS 
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C1558, MC1458 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


INVERTING 
INPUT IN — 


NONINVERTING 
INPUT IN + 


Supply voltage Vcc + (see Note 1) 


Supply voltags Vee (ese Note 1) BCT Be) See eae 
paar. Sa V 


Differential input voltage (see Note 2) 
Input voltage at either input (see Notes 1 and 3) 


Duration of output short-circuit (see Note 4) 


unlimited unlimited 
Continuous total dissipation See Dissipation Rating Table 
Operating free-air temperature range 


Storage temperature range —65 to 150 ii ee 
Be iey 
IG or U package 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc -. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
The output may be shorted to ground or either power supply. For the MC1558 only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 70°C free-air temperature. 


saa 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATE Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Tg POWER RATING POWER RATING 
D 680 mW 5.8 mW/°C 
FK 680 mW 11.0 mW/°C 


PACKAGE 


JG (MC1558) 680 mW 8.4 mW/°C 
JG (MC1458) 680 mW 6.6 mW/°C 
P 680 mW 8.0 mW/°C 
U 675 mW 5.4 mW/°C 
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MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC + = 15 V, Vcc-— = -15 V 


PARAMETER TEST CONDITIONS? UNIT 
singe i pai pet eer ae 
iC ees tee oP 
cade SME ier Se de 
Ful ange iso0 | _ 200 | 


——Gommon-mede 
ICR input voltage range Full range 


: 


Large-signal differential | RL > 2 kQ, ee 
AVD Oe vim | 
voltage amplification Vo = +10V Full oS) as 


ee 


= 5% 
Ce cc A 
Sn Resta ay = ae a ee | ee ee 
a RE EE 
Cea = ROMNEY 


r utput resistance 25°C 
See ne 5 cs sa 


Maximum peak 
VOM ; 
output voltage swing 


Maximum-output-swing 


B 
OM bandwidth (closed-loop) 


Common-mode 

input impedance 

Common-mode 
CMRR as : 

rejection ratio 


Supply voltage 


ksvs sensitivity 
(AVi9/AVcc) 


V V 0 
ent Yo ©. ages yo 


Vie = 
V = 
CC eee 


Equivalent input 


Vn noise voltage 


(closed-loop) 
Short-circuit 

ck a aaa 
Supply current No load, 20°C 
Total power dissipation Ne 

a 


T All characteristics are specified under open-loop operating conditions with zero common-mode input voltage unless otherwise specified. 
Full range for MC1558 is —55°C to 125°C and for MC1458 is O°C to 70°C. 
NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc + = 15 V, Vcc-— = -—15V, Ta = 25°C 


[mcisss | Mci458 
PARAMETER 1 
aa cl sg lea MIN TYP MAX | MIN TYP MAX |. ~- 


Rise time Vi = 20 mV, RL = 2 kQ, 
| Overshoot factor factor < = 100 pF, See Figure 1 


See Ss SS SSE SS 
Slew rate at unity gain aD V, AL 2 Ka, V/ 
s 
site = = 100 pF, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 
INPUT 


Ci = 100 pF Ry = 2 kQ 


INPUT VOLTAGE 
WAVEFORM 


TEST CIRCUITS 


FIGURE 1. RISE TIME, OVERSHOOT, AND SLEW RATE 
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MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


D2517, FEBRUARY 1979—REVISED MAY 1988 


@ Wide Range of Supply Voltages MC3303, MC3403 . . . D, J, OR N PACKAGE 
Single Supply ... 3 V to 36 V (TOP VIEW) 
or Dual Supplies 


Class AB Output Stage 
True Differential Input Stage 
Low Input Bias Current 


internal Frequency Compensation 


Short-Circuit Protection 


Designed to be Interchangeable with Motorola 
MC3303, MC3403 


2 


description 


The MC3303 and the MC3403 are quadruple operational amplifiers similar in performance to the uA741 
but with several distinct advantages. They are designed to operate from a single supply over a range of 
voltages from 3 V to 36 V. Operation from split supplies is also possible provided the difference between 
the two supplies is 3 V to 36 V. The common-mode input range includes the negative supply. Output range 


is from the negative supply to Vcc — 1.5 V. Quiescent supply currents are less than one-half those of 
the uA741. 


The MC3303 is characterized for operation from —40°C to 85°C and the MC3403 is characterized for 
operation from O°C to 70°C. 


symbol (each amplifier) 


Operational Amplifiers 


NONINVERTING 
INPUT IN + 


OUTPUT 
INVERTING 


INPUT IN — 


AVAILABLE OPTIONS 


Vio MAX 


SMALL-OUTLINE | CERAMIC DIP| PLASTIC DIP 
AT 25°C , ats 
(D) (J) (N) 


10 mV MC3403D MC3403J MC3403N 
8 mV MC3303D MC3303J MC3303N 


D packages are available taped and reeled. Add ‘’R’’ suffix to the device type when 
ordering. (e.g., MC3403DR) 


PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 


pet - of —_ date. a — - TE a 
specifications per the terms of Texas Instruments XAS 
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MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


COMMON '!-~~~~-7— 
BIAS CIRCUITRY ! 


VCC + 


2 NONINVERTING 


INPUT ; oe eee 
TO THREE 

eo) - So PENN De ‘ Mabie 
¥ i A ee e ee AMPLIFIERS 
oy His OUTPUT 
® INVERTING 
=. INPUT 5, 
2) 
> 
z ot gee se is debi 
ee ae ee ae 
sy Component values shown are nominal. 
1) : | : z : 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + (see Note 1) yaelk? 5 OR Bs ee ee 
Supply voltage Vcc — (see Note 1) Be Sa See ee eee 
Supply voltage Vcc + with respect to Vcc — Ree Se ee ee 
Differential input voltage (see Note 2) 
Input voltage (see Notes 1 and 3) 
Continuous total power dissipation 
Operating free-air temperature range —40 to 85 
Storage temperature range | -65to 150 | -65to150 | °C | 
[Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | Jpackage—+| 300~~*«| —300~=S=«dY:C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or N package 


NOTES:1. These voltage values are with respect to the midpoint between Vcc + and Vcc -. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting terminal. 
3. Neither input must ever be more positive then VCC + or more negative than Vcc _. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR’ Tag = 70°C Ta = 85°C 
POWER RATING ABOVE Tg = 25°C POWER RATING POWER RATING 


PACKAGE 


950 mW 7.6 mW/°C 608 mW 
1025 mW 8.2 mW/°C 656 mW 
1150 mW 9.2 mW/°C 736 mW 
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MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature; VCC + = 14V,Vcc— = 0 V for MC3303; 
Vcc+ = +15 V for MC3403 


PARAMETER TEST CONDITIONSt 
MIN TYP MAX MIN TYP MAX 
Pr aee . pers cet a | 
VIO Input offset voltage See Note 4 
Fullrange | ——i0 | 
Temperature coefficient of 
ayviOo.. See Note 4 Full range 10 
input offset voltage 
30.75 
lo Input offset current See Note 4 
Full range [~~ 80 
Temperature coefficient of 
aio; E See Note 4 Full range 
input offset current 
et: RS ee ee 
iB Input bias current See Note 4 
Full tenges 9 cv csc: 4} = t J 
2 


RL = 10 kQ 

Vo = +10V, 
RL = 2 kQ 
Vopp = 20 V, 


2 


Common-mode input 
voltage range* 


VICR 


Von __ Peak output voltage swing 


Large-signal differential 
AvVD iat” 
voltage amplification 


B Maximum-output- Avp = 1, 
OM swing bandwidth THD < 5%, 
RL = 2 kQ 


Operational Amplifiers 


Vo = 50 mV, 
RL = 10 ko 
C_ = 200 pF, 


: 


i) Phase margin 


Input resistance = 20 Hz 


wD 
— 


= 2 kQ 


B Unity-gain bandwidth 
r 
r 


CMRR Common-mode rejection ratio | Vic = VicR min 


: 
m 

i 
fe) 

k Supply voltage sensitivity Vcc = +2.5 to 
SVS (avig/AVcc) +15 V 
OS 

S 


| Short-circuit output current 


Ic Total supply current 


T All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for 
Ta is —40°C to 85°C for MC3303, and 0°C to 70°C for MC3403. 

+The VicR limits are directly linked volt-for-volt to supply voltage; the positive limit is 2 V less than Vcc +. 
Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

NOTE 4: Vio, lio. lip, and Icc are defined at Vo = O for MC3403, and Vo = 7 V for MC3303. 


No load, 
See Note 4 
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MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics, VCC + = 5 V, Vcc-— = OV, Ta = 25°C (unless otherwise noted) 


| __rarawerer | _ test conomonst MIN TYP MAX | MIN TYP MAX 


Vio__Input offset voltage Vo = 2.5V bo ee IN 
lo Input offset current Vo = 2.5 V 30 50 aS 
lip Input bias current ~ ; ‘ 


Vom Peak output voltage swingt 
y Ss Vec+-1.7 Vec471.7 
cc+ = 5Vto30V 
Vo = 1.7 V to 3.3 V, 20 200 VimV 
Rit = 2 kQ 


TAIl characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 
+Qutput will swing essentially to ground. 


operating characteristics, VCC + = 14V,VCcC— = 0 V forMC3303; Vcc + = +15 V for MC3403; 
Ta = 25°C, Ayp = 1 (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Vj = +10'V, Ci = 100 pF Rit = 2 kQ 
SR Slew rate at unity gain ; L P L V/us 
See Figure 1 
tise time eae ces) 
: — AVo = 50mV, CL = 100pF, R, 
tell time | ee ta 
See Figure 1 
Overshoot factor Sens Saar Seema 
Crossover distortion Vipp = 30 mV, Vopp=2V, _ f = 10 kHz BEC ae eee 


PARAMETER MEASUREMENT INFORMATION 


Vi 


Cy = 100 pF Ri 


FIGURE 1. UNITY-GAIN AMPLIFIER 
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MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


INPUT BIAS CURRENT INPUT BIAS CURRENT 
vs VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
250 250 
Ta = 25°C 
« 200 « 200 
: 1 
€ € 
s g 
E 150 5 150 2 
0 S) 
” ” 
3 S 2 
s 100 + 100 Be 
£ 2 = 
| ii oe 
rea o. 
= 50 2 50 = 
= § 
0 0 CS 
-~75-50 -25 0 25 50 75 100 125 a ee eee a ae: ee ee a 3 
Ta—Free-Air Temperature — °C i\Vcc + |—Supply Voltage—V * 
FIGURE 2 FIGURE 3 rT 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE * 6 
vs vs 
SUPPLY VOLTAGE FREQUENCY 


RL = 10 kQ 
Ta = 25°C 
ee ches TASER ES 


Vcc+ = +15 V 
CL = 0 

Rt = 10 kQ 

Ta = 25°C 

See Figure 1 


Vopp— Maximum Peak-to-Peak Output Voltage —V 
Vopp—Maximum Peak-to-Peak Output Voltage—V 


0 
10) 2 4 6 eS. 30°: -42- 44-748 1k 10 k 100 k 1M 
'\Vcc + | —Supply Voltage—V f— Frequency — Hz 
FIGURE 4 FIGURE 5 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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MC3303, MC3403 : 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs VOLTAGE-FOLLOWER 
FREQUENCY LARGE-SIGNAL PULSE RESPONSE 


Vcc+ = +15V 
R_ = 2 kQ 


Ayp— Differential Voltage Amplification 
Input Output Voltages— V 


1 10 100 1k 10k 100k 1M 0 10 20 30 40 50 60 70 80 90 
f — Frequency — Hz t—Time-ys 
FIGURE 6 FIGURE 7 


sioiydwiy jeuoijessdg By) 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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NE5532, NES532A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 


D2563, NOVEMBER 1979—REVISED MAY 1988 


Equivalent Input Noise NE5532, NE5532A.... JG OR P 
Voltage... 5 nV//Hz Typ at 1 kHz DUAL-IN-LINE PACKAGE 
@ Unity-Gain Bandwidth... 10 MHz Typ a fli a, 
@ Common-Mode Rejection Ratio... 100 dB out (1 U 8f] Vec+ 
Typ ae 
IN+ [3 
@ High DC Voltage Gain... 100 V/m Typ Vcc - 


@ Peak-to-Peak Output Voltage 
Swing... 32 V Typ with Vcc+ = +18V 
and Rx = 600 2) 


e High Slew Rate...9V/us Typ 


e Wide Supply Voltage Range... +3 V 
to +20 V 


®@ Designed to be Interchangeable with 
Signetics NE5532 and NE5532A 


description 


The NE5532 and NE5532A are monolithic high-performance operational amplifiers combining excellent dc 
and ac characteristics. They feature very low noise, high output drive capability, high unity-gain and 
maximum-output-swing bandwidths, low distortion, high slew rate, input-protection diodes, and output short- 
circuit protection. These operational amplifiers are internally compensated for unity gain operation. The 
NE5532A has specified maximum limits for equivalent input noise voltage. 


The NE5532 and NE5532A are characterized for operation from 0°C to 70°C. 


Operational Amplifiers ke 


AVAILABLE OPTIONS 


PACKAGE 


pre CERAMIC DIP PLASTIC DIP 
at 25° 
(JG) (P) 


NE5532JG NE5532P 
NE5532AJG NE5532AP 


4mvV 


symbol (each amplifier) 


NONINVERTING 


INPUT IN+ 
OUTPUT 
INVERTING 
INPUT IN— 
PRODUCTION DATA documents contain information > Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to i} 
specifications per the terms of Texas Instruments TE 


standard ago wa! & Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 2-143 
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NE5532, NE55S32A | 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


Vcec+ 


NONINVERTING 
INPUT 


INVERTING 


INPUT 15 2 


OUTPUT 


15 2 


Vcc— 
Component values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


sioyydwy jeuoneisdg Bs) 


Supply voltage, VGc4' (See Note) ssies tics Sic ata mah Girl a aN De leniem aoe OO Oe & 22 V 
OT WORROG. Vy Citige HOMO Pit ET) Soins a's ic va 1 OE ae a ee ee Eke ice a ors —22V 
INL VORGOP, BIENGN INI (SG SyOrG 1 GNC Se) ep eee se ks ere he pk Br apt eee Se eek VCCz 
PPR CRIN OT TE CMCC dates ye cre fa Sige eid’ v uSge be eR Bao Ae b ) REO Se ee a ee +10 mA 
DEraon OF QUTDUT aricr-cuciit (960 Note ay oi Pe. sca eo ee aa) soso Santa ee ese unlimited 
CORURUGUS 1Oldl DOWET CISSIDANOReScG i le ee che pe vs ae eae bls See Dissipation Rating Table 
Operating free-air TIiDOrGRure FANGG i iyin cares es Rea ee ek chew ee ee ee res 0°C to 70°C 
SEACH RON ELEIES Rea ans a es we Capers 6 ae thas gE a ey tle ele Kor gee eS wed a eas 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ............... 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc+ and Voc-. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 
3. Excessive input current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless 
some limiting resistance is used. 
4, The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure the 
maximum dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING FACTOR Ta = 70°C 
POWER RATING ABOVE Tag = 25°C POWER RATING 


PACKAGE 


JG 825 mW 6.6 mwW/°C 528 mW 
P 1000 mW 8.0 mW/°C 640 mW 
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NES532, NESS32A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 


electrical characteristics, VCC+ = +15 V, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX 


Ta = 25°C 
ViO Input offset voltage Vo =0 a 


Ta = 0°C to 70°C 


| Input offset current lgey 
10 P Ta = 0°C to 70°C 200 


UNIT 


< 


+ 
Nh 
+ 
.o) 


ail 
oO 
as 
ai 
Oo 


fo 
> 


oo 
oO 
oO 


| Input bias current Ta = 25°C 200 
es “ Ta = 0°C to 70°C 


Common-mode input 
voltage range 


—s 
i=) 
Oo 
=) 
= 


VICR 


Maximum peak-to-peak Voc+ = +15V 24 26 
Vopp ; Ri = 600 2 

output voltage swing Voc+ = +18 V 30 32 

R= 6000, [Ta = 25° 

Large-signal differential Vo = +10V Ta = 0°C to 70°C ” 
AvD scaled aie crates a 0 A Vimv | ho 

voltage amplification RL 2 2kQ, Ta = 25°C 25 100 ® 

Vo=#10V [Tas 0°10 70% ae ae = 

Ava Small-signal Siteteree fa 10 kts VimV Q. 

voltage amplification a 

Maximum-output- RL = 600 0, Vo = +10V qt 
Bom kHz 

swing bandwidth Ri = 600 2, Voc+ = +18V, Vo=+14V eee ee Ss Ss aaa 
By Unity-gain bandwidth RL = 600 2, CL = 100 pF ae BESS SS © 
i eee ee 
Zo Output impedance Avp = 30 dB, R = 600 0, ei0kHz [|  } 08. 2. [> fe 

Common-mode 4°) 
CMRR Vic = V min 70 100 Dees 
sabe pe ® 

Supply voltage 2. 
KSVR rejection ratio Voc+ = +9Vto+15V, Vo=0 80 100 O 

(4 Vec+/4 Vio) 
cc Seipmonet. | Ge 
loc Total supply current No load, Vo = 0 
Vo1/Vo2 Crosstalk attenuation Voi = 10V peak, f= 1 kHz 110 a ee 


t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 


operating characteristics, VCC+ = +15 V, Ta = 25°C 


ti ceo See 


! 
= 
x 


UNIT 


SA Stew rae at uniy gan See i ee ee 
oi = 
valent ewe ee 
Yr nae votage i Saenea SOREN MAES AMR eS 
valet 
rere 
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| OP-07C, OP-07D, OP-07E 
ULTRA-LOW-OFFSET-VOLTAGE OPERATIONAL AMPLIFIERS 


D2757, OCTOBER 1983—REVISED JUNE 1988 


Ultra-Low Offset Voltage . . .30 nV Typ 


D, JG, OR P PACKAGE 
(OP-07E) 


(TOP VIEW) 


@ Ultra-Low Offset Voltage Temperature OFFSET N1[]1 UU 81] OFFSET N2 
Coefficient . . . 0.3 n.V/°C Typ (OP-07E) 


@ Ultra-Low Noise 


No External Components Required 


NC—No internal connection 
® Replaces Chopper Amplifiers at a Lower 


Cost 


symbol 
Single-Chip Monolithic Fabrication OFFSET N1 9 
Wide Input Voltage Range NONINVERTING 
0 to +14 V Typ INPUT IN+ 
OUTPUT 
@ Wide Supply Voltage Range INVERTING 
+3 Vto +18 V INPUT IN— 
@ Essentially Equivalent to Fairchild ».A714 OFFSET N2 


Operational Amplifiers 


@ Direct Replacement for PMI OP-07C, 
OP-07D, OP-07E 


description 


These devices represent a breakthrough in operational amplifier performance. Low offset and long-term 
stability are achieved by means of a low-noise, chopperless, bipolar-input-transistor amplifier circuit. For 
most applications, external components are required for offset nulling and frequency compensation. The 
true differential input, with a wide input voltage range and outstanding common-mode rejection, provides 
maximum flexibility and performance in high-noise environments and in noninverting applications. Low 
bias currents and extremely high input impedances are maintained over the entire temperature range. The 
OP-O7 is unsurpassed for low-noise, high-accuracy amplification of very-low-level signals. 


Operational Amplifiers 


These devices are characterized for operation from O°C to 70°C. 


AVAILABLE OPTIONS 


SMALL OUTLINE | CERAMIC DIP | PLASTIC DIP 
(D) (JG) (P) 


OP-07CD OP-07CJG OP-07CP 
OP-07DD OP-07DJG OP-07DP 


to 
= OP-O7ED OP-O7EJG OP-O7EP 


The D package is available taped and reeled. Add the suffix R to the device type 
when ordering. (e.g., OP-O7CDR) 


PRODUCTION DATA documents contain information 


‘ Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to st 


specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 2-147 
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OP-07C, OP-07D, OP-07E 
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 


schematic 
(7) ee 
OFFSET N1 
OFFSET N22! 
OUTPUT 
? NONINVERTING (3) 
INPUT IN+ 
oO INVERTING !2) 
ao) INPUT IN— 
@ 
= 
® 
cae 
2) 
a | 
o 
y Vcec-— 
g absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
—s 
oO NY VG Wie: SE MOR TT. on’ Fo oicia ok a eas A ee Sok Go EER bE Oe ae CS 22 V 
ow a NUSE REANIM 58 0 a go Eri ks Ce cak'e. 5.4 vig 8 5 lb Fs ARN + Seu e oe IER Ble Bi ee -22V 
PUT TT ONVEI OR TITRE. WEEE (BOG TICE EF oy cs kos a civ nie eo OA ee EAR ORE Woe © a ee +30 V 
OPE Ry MET PO Oe 9 Rm a, A AR OCA Se RR. SRO RT 6h.) mM tea V 
DUTAtion: OF OUst BOT. CHOINE 1OOG 1900O 4) os cles cee Oe RA ees we ee ee unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5)........ 500 mW 
Operating free-air temperature range... 1... ee ees 0°C:40:70°C 
Ce Perret PIO ojos ie See SF .8 a Rie ee meee ase ek Roker, MR eo ee -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C 


NOTES:1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc -_. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
. The output may be shorted to ground or either power supply. 

. For operation above 64°C free-air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C. 
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electrical characteristics at specified free-air temperature, VCC + = +15 V (unless otherwise noted) 


OP-7¢ 
PARAMETER TEST CONDITIONSt 
MIN TY A MIN Ty 
eS eee ae hd eee 
nput oftset vo age = p = 
lo 0 s 0°C to 70°C 25 
is Rs = 


OP-7D 
N Y 


UNIT 


+ 
uv 


= 
x 


Vv 
2 


| 
o 


mn 
5 pV/°C 


© 
~N 


Temperature coefficient of 
evio . Vo = O, 50 2 0°C to: 70°C 
input offset voltage 
Long-term drift of 
: See Note 6 : 
input offset voltage 
Offset adjustment range Rs = 20 kQ, See Figure 1 25°C 


25°C 
\y Input offset current 


I+ 
£ 


0 
6 


° 
fe) 


0°C to 70°C 


2 a 
Temperature coefficient of 
ao. O°C to 70°C 
input offset current 


A 
2 
5 


=a 
N 


pA/°C 


25°C 


+ 
BS 


Xx 
5 

0 
12 
14 


+ | H+ 
wir 


+ 

— 

— 

on 
+ | + 
adel anil (ee O}H co 
Nol co} oi a) 
ry Org aa 
oln}| oO o ° 


+ + 
oben ise 0°C to 70°C £ 
oO + + = 
Temperature coefficient of 
1B ; ; O0°C to 70°C pA/°C 
input bias current 
‘i Common-mode input 25°C Ls +14 +13 +14 = a b +14 4 
ICR Voltage range 0°C to 70°C | +13 +13.5 #13 +13.5 213 +135 
Ry = 10 kQ = ey = Sag Be = ei [P +13 = 12:5 13 
Ry = 2 kQ 25°C Le +12.8 +5 ° £12.8 £42: A£12:8 
Vom. Peak output voltage 
Ry = 1 kQ +12 +10.5 
Ri 


20°C 100 


> 
8 


1S 
Large-signal differential 
25°C 400 0 
Vo = +10V, RL = 2k2 
106 123 
103 123 


7 6 SES 


TAI characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise noted. 


NOTE 6: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty.!t is an engineering estimate of 
the averaged trend line of drift versus time over extended periods after the first thirty days of operation. 


NS 
! 

- 

° 


voltage amplification 


E 
30 
Be 
4 
9 
af 
=o 
13 
0 
50 
6 


7 
(0) 
+ 
18) 
1 

1 

V/mV 
0 500 

4 

(@) 


: 
= £k2 Ort to: 70°C +11 +12.6 +11 +12.6 +12 +£12.6 


0.4 0.6 


co 
Ww 
wW 
Ww 
os 


Common-mode 25°C 
CMRR Vic = +13 V, Rg = 500 
rejection ratio 09°C: to :70°C 


i Supply voltage sensitivity Vcoc+ = +3 Vto +18V, 20°C 
SVS tAVio/AVcc) Rg = 502 0°C to 70°C 
Vo = O, No load 


Vcec+ = +3V. Vo = 90, 25°C 
No load 


=" 
N 
o 
© 
> 
=d 
o 
oO 


97 


~N 
Ww 
N 


P MAX 
75 
13 
5.3 
35 
5 20 
7 32 
5 


Pp Power dissipation 


8 


3 


ies) 
o 
-_ 
or 
© 
NO 
° 
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OP-07C, OP-07D, OP- O7E 
| ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, VCC + = +15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS? — ——— UNIT 
MIN TYP MAX] MIN TYP MAX | MIN TYP MAX 


Ta = 25°C | f = 100 Hz 


0.1 Hz to 10 Hz, 
=P OG 


Equivalent input 


noise voltage 


Peak-to-peak 


VNPP_ equivalent input 


noise voltage 


f = 10 Hz 
Ta = 25°C = 100 Hz 
f = 1 kHz 


Equivalent input 
n 


noise current 


2 


Peak-to-peak 


0.1 Hz to 10 Hz, 


INPP equivalent input 
noise current 


= 25°C 


SR Slew rate = i2 Ka: 


Ta = 25°C 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 


TYPICAL APPLICATION DATA 


siaiyduiy jeuonessdg 


20 k2 
Vcc+ 
N1 
N2 
IN+ Veoe 
OUTPUT 
iIN— 
Vcc— 


FIGURE 1. INPUT OFFSET VOLTAGE NULL CIRCUIT 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


D3176, FEBRUARY 1989 


@ Direct Replacements for PMI and LTC JG OR P PACKAGE 
OP-27 and OP-37 Series (TOP VIEW) 


Features of OP-27A, OP-27C, OP-37A, and Vio TRIMU]1 U 8[) Vio TRIM 
OP-37C: 


@® Maximum Equivalent Input Noise Voltage: 
3.8 nV/VHz at 1 kHz 
5.5 nV/VHz at 10 Hz 


L PACKAGE 

@ Very Low Peak-to-Peak Noise Voltage at (TOP VIEW) 
0.1 Hz to 10 Hz... 80 nV Typ 
Vio TRIM 
@ Low Input Offset Voltage... 25 nV Max Pa 
@ High Voltage Amplification ... 1 V/nV Min Vio TRIM/@)“@ Wec + 
IN-(@ © JouT 

Feature of OP-37 Series: INH® @2 NC 
@ Minimum Slew Rate... 11 V/ys Vee 


description 


NC —No internal connection 


The OP-27 and OP-37 operational amplifiers 

combine outstanding noise performance with symbol 
excellent precision and high-speed specifi- 

cations. The wideband noise is only 3 nV/VHz, 

and with the 1/f noise corner at 2.7 Hz, low 

noise is maintained for all low-frequency 
applications. 


OUT 


Operational Amplifiers 


The outstanding characteristics of the OP-27 
and OP-37 make these devices excellent Vio TRIM 
choices for low-noise amplifier applications 
requiring precision performance and reliability. 
Additionally, the OP-37 is free of latch-up in high- 
gain, large-capacitive-feedback configurations. 


The OP-27 series is compensated for unity gain. The OP-37 series is decompensated for increased bandwidth 
and slew rate and is stable down to a gain of 5. 


The OP-27A, OP-27C, OP-37A, and OP-37C are characterized for operation over the full military temperature 


range of —55°C to 125°C. The OP-27E, OP-27G, OP-37E, and OP-37G are characterized for operation 
from —25°C to 85°C. 


AVAILABLE OPTIONS 
Vio MAX | STABLE 
Ta CERAMIC DIP | METAL CAN | PLASTIC DIP 
AT 25°C | GAIN 
(JG) (L) (P) 


—— — OP27EJG OP27EL OP27EP 
in :* OP37EJG OP37EL OP37EP 
85°C 100 nV 


Seumtoon 

Bau Bea 

pt | op27GsG_ | oP27Gt_ | oP27GP _| 
| 5 | ops7GiG_ {| OP3s7GL__ | OP37GP_| 
| tf op27asG | OP27AL_ | OP27AP_ 
Piel able 
ieee is 
poe 


OP37AJG OP37AL OP37AP 
OP27CJG OP27CL OP27CP 
OP37CJG OP37CL OP37CP 


PRODUCTION DATA documents contain information S Copyright © 1989, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not | 2-151 
necessarily include testing of all parameters. NST RUMENTS 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


schematic 


Vio TRIM Vio TRIM 
=, 
es 1 ag 


Vcoc+ 


Q46 


OUT 


Tc1 
C1 


120 pF for OP-27 
150 pF for OP-37 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


sugiiduy jeuonessdg BW) 


Suni voltage, hee eee Note A)... . «55s opp acacdiiene sodusebs mains Adee Renedcaen ee ef Le 2n.M 
Supply VOlnae. ver (666 Note.) sc. . esos neaiate etki, cat See IE et ae -22 V 
Te) MG eS St eee OP Oe 2, © Ie OS? gen oe a ee eye areartrase | SET SS ee eee VOC 4. 
Duration or-ouIpit. Gore CUCUIE. Si ee es so ee anne ate ek DR cis Re unlimited 
ETOrerer iit CUlrot (O08 POTHO2)) sis. . ck 5G is ae eh a en ee eae ea ee +25 mA 
oA Tar eC RCO ERN MITER ED 255 5 A a tw Gop 8. 4 owas gE mle a ee ee wee see Dissipation Rating Table 
Operating free-air temperature range: OP-27A, OP-27C, OP-37A, OP-37C ...... — 55°C to 125°C 

OP-27E, OP-27G, OP-37E, OP-37G ....... — 25°C to 85°C 
StOtAce POOL ATUlG FARGO. 5.5.55 ons. aco avacditc po pct aon pos Oe hee cok oA eee IO as -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package........ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ............ 260°C 


NOTES: 1. All voltage values are with respect to the midpoint between Vcc + and Vcc — unless otherwise noted. 
2. The inputs are protected by back-to-back diodes. Current-limiting resistors are not used in order to achieve low noise. Excessive 
input current will flow if a differential input voltage in excess of approximately +0.7 V is applied between the inputs unless 
some limiting resistance is used. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 85°C Ta = 125°C 
POWER RATING ABOVET, = 25°C POWERRATING POWER RATING 
JG (OP-27A, OP-27C, OP-37A, OP-37C) 1050 mw 8.4 mW/°C 
JG (OP-27E, OP-27G, OP-37E, OP-37G) 825 mW 6.6 mW/°C 
L (OP-27A, OP-27C, OP-37A, OP-37C) 825 mW 6.6 mW/°C 


PACKAGE 


L (OP-27E, OP-27G, OP-37E, OP-37G) 650 mW 5.2 mW/°C 
id 1000 mW 8.0 mW/°C 
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OP-27A, OP-27C, OP-37A, OP-37C 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


recommended operating conditions 


OP-27A, OP-37A | OP-27C, OP-37C 
| MIN NOM MAX | MIN NOM MAX | UNIT 
Vv 


Supply voltage, Vcc + 
Supply voltage, Vcc — 


Common-mode input | Vcc+ = +15 V, Ta = 25°C 
voltage, VICR Vec+ = +15 V, Ta = —55°C to 125°C 


Operating free-air temperature, Ta 


TEST CONDITIONS T 


2) 
bs 
Nh 
~ 
> 
=) 
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Ww 
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> 
©) 
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ed 
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Ww 
ved 
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Operational Amplifiers By® 


PARAMETER 


2) 
9) 


BS) 
= 
IV 
N 
x 
~ 


Peak output voltage 


V 
OM swing 


Bs) 
= 
IV 
Ls) 
x 
—) 


Vo =O, Vice 0 [este | <r fp camB|n a0 100) 
V Input offset voltage 
1 Se 9° IRs = 509, See Note 3 |-55°C to 125°C Sa 
Average temperature 
XVi9 coefficient of input -55°C to 125°C 0.4 1.8} pV/°C 
offset voltage 
Long-t drift of 
Long erm drift o Aik nied 
input offset voltage 
ik a 
| Input offset nt |1Vo = 0, Vic = O 
o_tetetiamet |vor evar? Eset ear] | 
+10 +40 +15 +80 
| Input bias c t Vo = 0, Vic = 0 A 
or in oa abs ~B5°C to 128°C 
Common-mode input : 
voltage range ~B5°C to 126°C 
es eu sts ot 2122138 ‘(211.5 2138 
25°C : : 
R_ = 0.6 kQ +10 +11.5 +10 +11.5 V 
RL=2ka | 85°C to 128°C 
RL = 2kQ, Vo = +10 V 1000 1800 700 1500 
Large-signal RL = 1k@, Vo = +10 V ae 800 1500 Bae ey 
R .6kQ, Vo = +1V, 
BiB Bs Bes A 250 700 200 500 sal 
Vec = + 4V 


Avp differential voltage 
amplification 


RL = 2kO, Vo = 210V[-s5°C two 125°C] 600 ~—~«(|-300*S”S”SSCS 
Common-mode input 
i(CM) resistance 
fo... Output resietence [Vg = O,ipce 0. f' tf abeG TO OD 
cama arronrmede [wage st TT ape ee ee | 
rejection ratio [Vic = 10V__|-s8eCto1z6c| 10a 
ee ee ee Be ae ee a 
rejection ratio _—‘[Vccs = 24.8Vtox18V|-s5°Cto1zec| 96 «| 86 


NOTES: 3. Input offset voltage measurements are performed by automatic test equipment approximately 0.5 seconds after applying power. 
4. Long-term drift of input offset voltage refers to the average trend line of offset voltage versus time over extended periods 
after the first 30 days of operation. Excluding the initial hour of operation, changes in Vio during the first 30 days are typically 

2.5 wV. See Figure 3. 
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OP-27E, OP-37E, OP-27G, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


recommended operating conditions © 


Supply voltage, Vcc + 
Supply voltage, Vcc — 


Common-mode input | Vcc+ = +15 V, Ta = 25°C 
voltage, range Vec+ = +15 V, Ta = —55°C to 125°C 


Operating free-air temperature, TA 


PARAMETER TEST CONDITIONS 
V Input offset voltage wens Be menial a) 
We Se . = 509, a5 Note3 |-25°Cto85°C} = ~~ 50 


Average temperature 
XVig coefficient of input - 25°C to 85°C 0.4 1.8 
offset voltage 


Long-term drift of 
Seabee i See Note 4 
input offset voltage 


ir 


we OP-37G 
TYP MAX 


2 


+ 
< 
vw 
4 
> 
x 


c 
= 


pV/°C 


pV/mo 


o1 


H 
fo] 
oO 


ior: 
lio Input offset current x Pat ware to 85°C 
0 
lip Input bias current Vo = 0. Vic = —95 = to 85°C +150 
Common-mode input zm 
VICR 
voltage range 


|)-25°C to 85°C [+105 | + 10.5 
RL = 2 ko 412 +13.8 £11.5 +13.5 
Peak output voltage 25°C 
Pe se REE 0.6 kG P= i +10 +11.5 +10 +11.5 
RL = 2 ko | = 25°C to 85°C +11 


RL = 2kQ, Vo = +10V 1000 1800 700 1500 
er Vo = +10V alas 800 1500 


H | H+ 
al|> 


VOM 


suaiyduiy jeuoijes9dg 


swing 


Large-signal 


Avp differential voltage = 0.6 k2, Vo = +1V, V/mV 


amplification - c=+4V 


deaiete £0 
imam 0 SCE eee 
Common-mode input 
a is 5 emis aes es 
ee ee ee 
Peeve Smo vomee aca = savin sted asco | wo tao fm 
rejection ratio Voce = +4.5V to +18 ie to 85°C ice ee ee 
NOTES: 3. Input offset voltage measurements are performed by automatic test equipment approximately 0.5 seconds after applying power. 
4. Long-term drift of input offset voltage refers to the average trend line of offset voltage versus time over extended periods 


after the first 30 days of operation. Excluding the initial hour of operation, changes in Vio during the first 30 days are typically 
2.5 nV. See Figure 3. 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


OP-27A, OP-27E OP-27C, OP-27G 
r T ITI NI 
PARAMETER TEST CONDITIONS MIN. TYP MAX | MIN TYP MAX UNIT 


SR _Slew rate at unity gain Avp = 1, RL = 2 ko 1728 1:7. 38 
Vv 


Peak-to-peak ivalent f=0.1H 10 Hz, RS = 100 Q, 

lasmaplasr ys Hsteas feds Lili 0.08 0.18 0.09 0.25| wv 
input noise voltage See Figure 34 

f = 10 Hz, Rg = 100 Q, 


f = 30 Hz, Rg = 1000 eee Sess 2 ae 
f = 1 kHz, Rg = 1009 Sees ae ee 
0.4 ; 


Equivalent input 
noise voltage 


aie eee Ee 
[GBW Gain bandwidth product [f= 100kKH2 ——SC~<~dSSC<‘ CY i SC*dYC 


OP-37A, OP-37E OP-37C, OP-37G 
PARAMETER TEST CONDITIONS ea BBE YTB eo 
S Slew rate at unity gain Avp = 5, RL = 2 ka 11 17 11 17 


R 
-to- lent f=0.1H 10 Hz, Rs = 100Q, 
Vane aes to tun equivalen 7 z to 10 Hz, Rs ote. B46 0.09 0.25 AV 
input noise voltage See Figure 34 


pee ee f = 10 Hz, Rg = 1002 
uivaient | 
q P f = 30 Hz, Rg = 1000 


Equivalent input 
noise current 


cnihiatant inet f = 10 Hz, See Figure 35 
IV inpu 
“ ab f = 30 Hz, See Figure 35 beeen (ee fos 
noise r 
ee tata f = 1 kHz, See Figure 35 04 06 04 06 


GBW_ Gain bandwidth product i anne 8 2 SS Se eee 
in n ! roquc 
pe Pergy Sita Ay = 5, f = 1 MHz RY ih lea Gs | RR SS eee 


i It : 
noise voltage f = 1 kHz, Rs 100 2 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


table of graphs 


Vio __Input offset voltage 


ives ences 

10 vs Time (long-term drift) 3 

Tig Input offest current _—~—~*(|_vs Temperature | 4 

lig Input bias current _——~=S~S~*dC Temperatures SCS 

Vick _Common-mode input voltage range __| vs Supply voltage |__| 

Vopp Maximum peak-to-peak output voltage | vsFrequency § | 89 | 
SSE a 
a Beds 


2 


vs Supply voltage 
vs Load resistance 
vs Frequency 


CMRR Common-mode rejection ratio 
ksyrR Supply voltage rejection ratio 


AvD Differential voltage amplification 


vs Temperature 17 
vs Load resistance 19 


¢ Phase shift 


vs Bandwidth 
vs Source resistance 
vs Supply voltage 
vs Temperature 


Vn Equivalent input noise voltage 


SIO awy jeuonesodg 


vs Frequency 


27 
[GSW Gein bandwidth product | vs Temperature | 20,21 
Pigg _Short-cireuit output current | veTime =i 
icc Supply current. ___———~—~S*d'~C(vs Supply votage | 29 


Small-signal 
Pulse response ; 
Large-signal 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISITCSt 


INPUT OFFSET VOLTAGE WARM-UP CHANGE IN 
OF REPRESENTATIVE UNIT INPUT OFFSET VOLTAGE 
vs vs 

FREE-AIR TEMPERATURE ELAPSED TIME 


Vcc+ = +15V 
Ta = 25°C 


OP-27CP/GP 
OP-37CP/GP 


10 


NO 


Vio—Input Offset Voltage—,»V 


AVio—Change in Input Offset Voltage—,»V 


” 

h 

5 OP-27AP/EP = 

OP-37AP/EP =n 

E 

OP-27C/37C <f 

ger ars aed FE: 

100 0 3 
-50 -25 0 26....60:.°76 1400 .126 1 2 3 4 5 4 
Ta—Free-Air Temperature — °C Time After Power-On— minutes oc 

dee 

FIGURE 1 FIGURE 2 ® 

o. 

Oo 


LONG-TERM DRIFT OF 
INPUT OFFSET VOLTAGE 
OF REPRESENTATIVE UNITS 


AVio—Change in Input Offset Voltage—,V 


0 1 2 3 4 5 6 7 8 
Time— months 


FIGURE 3 


t Data for temperatures below — 25°C and above 85°C are applicable to the OP-27A, OP-27C, OP-37A, and OP-37C only. 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


COMMON-MODE INPUT VOLTAGE RANGE LIMITS 
vs 
SUPPLY VOLTAGE 


Common-Mode Limits—V 


l1o—Input Offset Current—nA 


TYPICAL CHARACTERISTICST 


INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


eae BEGE 
OP-27C/G 
ae 37C/G 
oP- eS 
OP-37A/E a 


0 
-75 -50-25 0 25 50 75 100 125 
Ta—Free-Air Temperature — °C 


FIGURE 4 


50 


40 


30 


20 


10 


Vcc +—Supply Voltage—V 
FIGURE 6 


liB—Input Bias Current—nA 


VomM— Maximum Peak Output Voltage—V 


INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 


I+ 
NO 
© 


NL aie op- 
oo PREECE 


OP-27A/E 
OP-37A/E 
0 


-50 -25 25 50 75 100 125 150 
Ta—Free-Air Temperature— °C 
FIGURE 5 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 


vece = 2tV TL LTT 


Ta = 25°C 


14 POSITIVE a 
io |__swine [Tt 5 mae sili 

Bee Fe lig hee BEI 
10 = pal SWING Pen 


sae iil 
P/Q Git am 
(ie Ske Ul) a Bill 
Seece eal 4) Ei) 


0 
0.1 10 


Ry —Load foes kQ 
FIGURE 7 


TData for temperatures below — 25°C and above 85°C are applicable to the OP-27A, OP-27C, OP-37A, and OP-37C only. 
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OP-27A, OP-27C, OP-27E, OP-27G 
A, OP-37C, OP-37E, OP-37G 


OP. 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


OP-27 
MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 


FREQUENCY 
nee Vcc+ = +15 V 
a RL = 1kQ 
S24 


CN 
20 ' 


Vopp— Maximum Peak-to-Peak Output Volt 


Ha th | 

8) 

1k 10 k 100 k 1M 10M 
f— Frequency — Hz 
FIGURE 8 


OP-27A, OP-27E, OP-37A, OP-37E 
L -S + 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
TOTAL SUPPLY VOLTAGE 


Avp-— Differential Voltage Amplification—V/mV 


0 
0 10 20 30 40 50 
Vcc + —Vcc — —Total Supply Voltage—V 


FIGURE 10 
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OP-37 
MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 


vs 
FREQUENCY 


Patni Vec+ = +15V 
P| Beta) = 1k 
tk = 25°C 


He Nu TT 
\ 

a ae 

TN aE A 

A 


6 24 


N 
o 


= 
oe 


_ 
N 


bo] 


£ 


Vopp—Maximum Peak-to-Peak Output Volt 


Baa 
10 k 100 k 10M 
f— tok oes i 
FIGURE 9 


OP-27A, OP-27E, OP-37A, OP-37E 
LARGE-SIGNAL 
DIFFERENTIAL loseaa AMPLIFICATION 


LOAD RESISTANCE 


2 
wee freee = TTT TTT 
eg bea 
| Atm 
ZC 
Gn) | 
GE ( 
ne) 
fee ety nt 
A nh 


p= 
o 
o 


Avp— Differential Voltage Amplification—V/mV 
b 
ro) 
° 


ee LLU TEA 1 TT 
400 
0.1 100 
RL— ey laa kQ 
FIGURE 11 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


OP-27 OP-37 
LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND PHASE SHIFT VOLTAGE AMPLIFICATION AND PHASE SHIFT 
vs vs 
FREQUENCY FREQUENCY 
r Bie 
5 & 50 
IE g 
= = 40 
E 
< = g £ 
” ® 
- 2 = 
s S ee 3 
_ . = #0 > a 
- 3 M4 Nl 3 
4 : S 10 Phd a oa 
sé: : \ 
— eS a 
—_ 4 | 0 200° 
> 2 S$ 
< < -10 220° 
3 0.1 1 10 100 
, f—Frequency —MHz f — Frequency — MHz 
ea 
> FIGURE 12 FIGURE 13 
=| 
¥ OP-27A, OP-27E, OP-37A, OP-37E 
LARGE-SIGNAL OP-27A, OP-27E, OP-37A, OP-37E 
DIFFERENTIAL VOLTAGE AMPLIFICATION COMMON-MODE REJECTION RATIO 
vs vs 
FREQUENCY FREQUENCY 
2 a 140 
4 Vcc+ = +15 V 
5 Ms Vic = +10 V 
=] ~ TA = ° 
8 é 120 |— IN Saal 
= ¢ 
5 : 
- $ 100 
® ® 
: Hall i “un 
G) 8 x 
5 a lh 
Ss & 
: : 
= © 60 
: Hill \ I 
6 3 N 
> Ss \ 
< 50 © 40 
Dou.-4 10 100 1k 10k 1M 100 M 1k 10 k 100 k 1M a M 
f — Frequency — Hz f —Frequency — Hz 
FIGURE 14 FIGURE 15 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSTt 


SUPPLY VOLTAGE REJECTION RATIO SLEW RATE 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 


160 


en 


NEGATIVE 


fee] 
ao] 
=P 
& ee 
§ : Cae 
br} — 
8 100 > oe SSS 
® SUPPLY . 2 
> 80 Po ees eee Be : 
S : pot 1 ee 
> 60 x | ” 2 
CaELoN a e 
a SUPPLY N 3 
x 20 eae imap aes cee 
SS BeaeBie mms 
ae IN ; ia Sas = 
1 10 100 1k 10k100k1M10M 100M 660-96 6 96 .'6o. 76-108 426 3 
f—Frequency —Hz Ta—Free Air Temperature— °C pe 
FIGURE 16 FIGURE 17 5 
2. 
OP-37 OP-37 c¢ 
SLEW RATE SLEW RATE 
vs vs 
SUPPLY VOLTAGE LOAD RESISTANCE 


19 


Vcoc+ = +15 V 
Avp = 5 
Vopp = 20 V 


7] ” 

= = 
a 7 

| 

© 2 

3 S xe | HT 
x ec 17 F 
% t 

| 
fea ec 
0 15 | | 
+3 +6 Re 212 £16 ° £06) - 221 0.1 1 10 100 
Vcc + —Supply Voltage—V Ri —Load Resistance —k?? 
FIGURE 18 FIGURE 19 


TData for temperatures below — 25°C and above 85°C are applicable to the OP-27A, OP-27C, OP-37A, and OP-37C only. 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 


LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


OP-27 
PHASE MARGIN AND 
GAIN-BANDWIDTH PRODUCT 
vs 
FREE-AIR TEMPERATURE 


EE 1 
wie Lo 


60° 9 
c 
3 
é 
50° 
D 8 
se] 
A os 
a 
40° 
a>s 


ates Pee Soe Bee! 

aes am aa Sa 

sey dae OE en Orso meer 

22, Le ae | 
Vcc+ = +15V 


-75 -50 -25 O 25 50 75 100 12 
Ta—Free-Air Temperature — °C 


FIGURE 20 


EQUIVALENT INPUT NOISE VOLTAGE 
vs 
BANDWIDTH 


10 
Voc+ = +15V 


Rs = 100 2 


ae 
261) 
ttt 


0.1 


auar « een ee 
eG Oe «lh ed ie Se oR eee eens 

ar Ph tt} ——+—+-+ +++} +++ 4-4 +4 
ei i oon ae 


oon TC 
(A 3011 NR RO 
a a 

1 10 10 


Bandwidth — kHz 
(0.1 Hz to frequency indicated) 


FIGURE 22 


NI 
i 
a 
: 


TL 
= 
NH 
Be | 
= 
a 
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Vn—Equivalent Input Noise Voltage—»V 


GBW — Gain-Bandwidth Product —MHz 


0 


OP-37 
PHASE MAGIN AND 
GAIN-BANDWIDTH PRODUCT 


vs 
FREE-AIR TEMPERATURE 


ém—Phase Margin 
GBW — Gain-Bandwidth Product — MHz 


Ta—Free-Air Temperature — °C 


FIGURE 21 


TOTAL EQUIVALENT INPUT NOISE VOLTAGE 
vs 
SOURCE RESISTANCE 


| 
te 
eerseNere 


a 
pl et “28 


s+ RESISTOR NOISE ONLY 


TENT TTT 


100 1k 10 k 
Rs —Source Resistance—?) 


FIGURE 23 


Total Equivalent Input Noise Voltage—nV/VHz 


tData for temperatures below — 25°C and above 85°C are applicable to the OP-27A, OP-27C, OP-37A, and OP-37C only. 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


OP-27A, OP-27E, OP-37A, OP-37E OP-27A, OP-27E, OP-37A, OP-37E 
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE 
vs vs 
TOTAL SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


ol 


Vcoc+ = +15V 
Rs = 100 2 
BW = 1 Hz 


f 


Vn—Equivalent Input Noise Voltage —nV/V/Hz 
Vn—Equivalent Input Noise Voltage—nV/VHz 


-50 -25 0 25 50 75 100 125 
Vcc+ —-Vcc-—-—Total Supply Voltage—V , Ta—Free-Air Temperature— °C 
FIGURE 24 FIGURE 25 


Operational Amplifiers Bp 


OP-27A, OP-27E, OP-37A, OP-37E 


EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE CURRENT 
vs VS 
FREQUENCY FREQUENCY 
10 
TT. ie = t15V 
; on gig 
7 ae ks BW = 1 Hz 


SHH a i Ta = 25°C 


[TA = 25°C 


AE 
SNUMCCTMeT 
St 


GORE = 57 He CORNER GORE = 57 He 2.7 at 


1000 
f — Frequency — Hz f— Frequency —Hz 
FIGURE 26 FIGURE 27 
TData for temperatures below — 25°C and above 85°C are applicable to the OP-27A, OP-27C, OP-37A, and OP-37C only. 


Vn—Equivalent Input Noise Voltage—nV/VHz 
In— Equivalent Input Noise Current—pA/JHz 


} 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


SHORT-CIRCUIT OUTPUT CURRENT SUPPLY CURRENT 
vs vs 
ELAPSED TIME TOTAL SUPPLY VOLTAGE 
< 
E 
i 
5 < 
5 E 
o ‘ 
2 ie : 
6 5 
O ¢ 2 
a?) 2 S 
@ s) 77) 
ae & 
SS & £ 
ae 
ef 
> 
3 t—Time-minutes Vcc + —Vcc — —Total Supply Voltage—V 
= FIGURE 28 | FIGURE 29 
@ 
rr OP-27 OP-27 
VOLTAGE FOLLOWER VOLTAGE FOLLOWER 
SMALL-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


Vo — Output Voltage—mV 
Vo — Output Voltage—mV 


0. 0.6-..-1 1.56--2— 2:5 --3 0 2 4 6 STO: “42 
t—Time—ys t—Time—ys 
FIGURE 30 FIGURE 31 


TData for temperatures below — 25°C and above 85°C are applicable to the OP-27A, OP-27C, OP-37A, and OP-37C only. 


Exas WW 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


2-164 


OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


OP-37 OP-37 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL PULSE RESPONSE LARGE-SIGNAL PULSE RESPONSE 


2 


Vo— Output Voltage—mvV 
Vo— Output Voltage—mvV 


O° -O2 O4°O8 0 TS A 0 1 2 3 4 5 6 
t—Time—ys t—Time—ys 
FIGURE 32 FIGURE 33 


Operational Amplifiers 


TYPICAL APPLICATION DATA 


general 


The OP-27 and OP-37 series devices may be inserted directly into OP-O07, OP-05, »A725, and SE5534 
sockets with or without removing external compensation or nulling components. In addition, the OP-27 
and OP-37 may be fitted to »A741 sockets by removing or modifying external nulling components. 


noise testing 


Figure 34 shows a test curcuit for 0.1-Hz to 10-Hz peak-to-peak noise measurement of the OP-27 and 
OP-37. The frequency response of this noise tester indicates that the 0.1-Hz corner is defined by only 
one zero. Because the time limit acts as an additional zero to eliminate noise contributions from the frequency 
band below 0.1 Hz, the test time to measure 0.1-Hz to 10-Hz noise should not exceed 10 seconds. 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


siaiyyduiy jeuoinesodg By 


TYPICAL APPLICATION DATA 


When measuring noise on a large number of units, a noise-voltage density test is recommended. A 10-Hz 
noise-voltage density measurement correlates well with a 0.1-Hz to 10-Hz peak-to-peak noise reading since 
both results are determined by the white noise and the location of the 1/f corner frequency. 


Figure 35 shows a Circuit measuring current noise and the formula for calculating current noise. 


10 kQ 


100 0 


[Vnoz — (130 nv)2]% 
eer ia" Tae 
500 kQ x 


FIGURE 35. CURRENT NOISE TEST CIRCUIT AND FORMULA 


offset voltage adjustment 


The input offset voltage and temperature coefficient of the OP-27 and OP-37 are permanently trimmed 
to a low level at wafer testing. However, if further adjustment of Vio is necessary, using a 10-kQ nulling 
potentiometer, as shown in Figure 36, does not degrade the temperature coefficient Vig. Trimming to 
a value other than zero creates an «\Vi¢ of Vi9/300 »vV/°C. For example, if Vio is adjusted to 300 pV, 
the change in «Vio is 1 wV/°C. 


The adjustment range with a 10-kQ potentiometer is approximately + 2.5 mV. If a smaller adjustment range 
is needed, the sensitivity and resolution of the nulling can be inproved by using a smaller potentiometer 
in conjunction with fixed resistors. The example in Figure 37 has an approximate null range of + 200 pV. 


-~15V -15V 
FIGURE 36. STANDARD INPUT OFFSET FIGURE 37. INPUT OFFSET VOLTAGE 
VOLTAGE ADJUSTMENT ADJUSTMENT WITH IMPROVED SENSITIVITY 


offset voltage and drift 


Unless proper care is exercised, thermocouple effects caused by temperature gradients across dissimilar 
metals at the contacts to the input terminals can exceed the inherent temperature coefficient xVi9 of 
the amplifier. Air currents should be minimized, package leads should be short, and the two input leads 
should be close together and at the same temperature. 


The circuit shown in Figure 38 measures offset voltage. This circuit can also be used as the burn-in 
configuration for the OP-27 and OP-37, with the supply voltage increased to +20 V, R1 = R3 = 10 kQ, 


2-166 


R2 = 2002, and Ayp = 100. 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


noise testing (continued) 


Vi Le at | Ill 
TUTTI 


Avyp— Differential Voltage Amplification—dB 


0.01 100 
f — Frequency —Hz 


0.1 pF 


Operational Amplifiers By 


OSCILLOSCOPE 
Rin = 1 MQ 


110 kQ 


NOTE: All capacitor values are for non-polarized capacitors only. 


FIGURE 34. 0.1-Hz TO 10-Hz PEAK-TO-PEAK NOISE TEST CIRCUIT AND FREQUENCY RESPONSE 


Measuring the typical 80-nV peak-to-peak noise performance of the OP-27 and OP-37 requires the following 
special test precautions: 


a; 


The device should be warmed up for at least five minutes. As the operational amplifier warms up, the 
offset voltage typically changes 4 »V due to the chip temperature increasing from 10°C to 20°C starting 
from the moment the power supplies are turned on. In the 10-s measurement interval, these temperature- 
induced effects can easily exceed tens of nanovolts. 


. For similar reasons, the device should be well shielded from air currents to eliminate the possiblity of 


thermoelectric effects in excess of a few nanovolts, which would invalidate the measurements. 


Sudden motion in the vicinity of the device should be avoided, as it produces a feedthrough effect 


that increases observed noise. 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


R1 
50 k 
R2 Vo = 1000 Vio 
100 2 
4 
R3 15 V 
50 kO 


NOTE: Resistors must have low 
thermoelectric potential. 


FIGURE 38. TEST CIRCUIT FOR OFFSET VOLTAGE AND OFFSET VOLTAGE TEMPERATURE 
COEFFICIENT 


unity gain buffer applications 


The resulting output waveform when R¢ < 100 2 and the input is driven with a fast large-signal pulse 
(> 1 V) is shown in the pulsed-operation diagram in Figure 39. 


sisijiduiy jeuoneisdg BW 


2.8 Vins 


FIGURE 39. PULSED OPERATION 


During the initial (fast-feedthrough-like) portion of the output waveform, the input protection diodes 
effectively short the output to the input, and a current, limited only by the output short-circuit protection, 
is drawn by the signal generator. When R¢ = 500 Q, the output is capable of handling the current 
requirements (load current < 20 mA at 10 V), the amplifier stays in its active mode, and a smooth transition 
occurs. When R¢ > 2 kQ), a pole is created with R¢ and the amplifier’s input capacitance, creating additional 
phase shift and reducing the phase margin. A small capacitor (20 pF to 50 pF) in parallel with R¢ eliminates 
this problem. 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION 


wee 
TAY A iN 
OW Wye 


| 


120 


100 


2 


Noise Voltage—nV 


: ie oe es es 
0 
0 2 & 6 8 10 


t— Time—seconds 


TYPE S THERMOCOUPLES 
5.4uV/°C AT 0°C 
+ 


COLD JUNCTION 
CIRCUITRY 


Operational Amplifiers 


Avp = 10,000 


ee°0e 
| tyPICAL 

| MULTIPLEXING 
| FET SWITCHES 


10 2 


HIGH-QUALITY 
SINGLE-POINT GROUND 


NOTE A: If 24 channels are multiplexed per second, and the output is required to settle to 0.1% accuracy, the amplifier’s bandwidth cannot 
be limited to less than 30 Hz. The peak-to-peak noise contribution of the OP-27 will still be only 0.11 nV, which is equivalent 
to an error of only 0.02°C. 


FIGURE 40. LOW-NOISE, MULTIPLEXED THERMOCOUPLE AMPLIFIER 
AND 0.1-Hz TO 10-Hz PEAK-TO-PEAK NOISE VOLTAGE 
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RC4559 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


D2785, OCTOBER 1983—REVISED JUNE 1988 


@ Matched Gain and Offset Between Amplifiers D OR P PACKAGE 
; . ‘ , (TOP VIEW) 

@ Unity-Gain Bandwidth . .. 3 MHz Min 
= ; out 41 U sf Vvcc+ 

Slew Rate... 1.5 V/ns Min AMP #1¢< IN-— 7A out 
@ Low Equivalent Input Noise Voltage IN+ []3 6LJIN— >AMP #2 

... 2 uV/VHz Max (20 Hz to 20 kHz) Vec— L]4 S| J IN+ 
@ No Frequency Compensation Required é 

symbol (each amplifier) 

@ No Latch Up 
@® Wide Common-Mode Voltage Range NONINVERTING 
@ Low Power Consumption is peaia OUTPUT 2 
@ Designed to be Interchangeable with Raytheon INVERTING 


RC4559 INPUT IN— 


AVAILABLE OPTIONS 


Z 
SYMBOLIZATION OPERATING 


PACKAGE 


DEVICE TEMPERATURE RANGE 
SUFFIX 


RC4559| DP | —0°C to 70°C 


The D packages are available taped and reeled. Add the suffix R to 
the device type when ordering. (i.e.,RC4559DR) 


description 


The RC4559 is a dual high-performance operational amplifier. The high common-mode input voltage and 
the absence of latch-up make this amplifier ideal for low-noise signal applications such as audio preamplifiers 
and signal conditioners. This amplifier features a guaranteed dynamic performance and output drive 
capability that far exceeds that of the general-purpose type amplifiers. 


The RC4559 is characterized for operation from O°C to 70°C. 


un 
iy 
© 
= 
a 
= 
< 
G 
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6 
=) 
© 
ben 
© 
2. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage Vcciw see..Note: Ti). ar nn ce ue AE SBR cong re ott Sele aig tiea de epee 18 V 
SURI WV GIREOR A= (S60 NGRB irre erre saris ve et oe inner entire en -18 V 
Dirferentiat input-voitage-(see-Note-2) — —- = se mas er tte en ee ET +30 V 
input-volktage-(any- input; see Notes + and- 3). oe ieee ee eee ee een + 15-V 
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) ......... unlimited 
COntIRLIGUS-TOtEl- CIGRINGTIOR n-type arene 500 mW 
Operating tree-air temperature range... : . «Od Gin oF. VO Si raids cc ek pains O°C to 70°C 
Storage-temperature-1Aange--.- 5-2 ee ee re ee i er ee ee —-65°C to-125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................002. 260°C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where 
the zero reference level is the midpoint between Vcc + and Vcc -_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 
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RC4559 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


electrical characteristics at specified free-air temperature, Vcc+ = 15V, Vcc-— = -15V 


PARAMETER TEST CONDITIONST 


MIN TYP MAX 


ae ee a ae ee 
: SR a ey Eg 
\echcoetatn ee Sea MM SS rae ll 
a ee ee ee ee 
ee ee Oe 
Mi mpeg | de te 
MERE LSE 
SE DM rious vont Goh v 
A = 2 ko 
AVD Sk V/mV 
voltage amplification Rt = 2 kQ 2 ae ee areas 
: Vopp = 20 V, 
ey. Wien bandwith ee fe 
Ce es aS ee ss er ee 
go 100 —«|— eB | 
eo ees =. 
Ayvp = 100, 


Equivalent input noise voltage 


Rs = 1 kQ, 25°C 
(closed-loop) 


f = 20 Hz to 20 kHz 

f = 20 Hz to 20 kHz 25°C 
25°C 

Ens ORGr ab A sorel ic oa 8B dima 

psec O"G 27s Sd se noes Sake So 


fe a ee 
Ps oe 


TAIl characteristics are specified under open-loop operation, unless otherwise noted. 


ne) 
B 


In Equivalent input noise current 


No 

ol 
. 
< 


No load, 
No signal 


Supply current 
(both amplifiers) 


O 
a=) 
® 
= 
o) 
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_ 
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Avp = 100, 
Rs = 1 kQ, 
f = 10 kHz 


Vo1/Vo2 Crosstalk attenuation 


matching characteristics at VCC + = 15 V, Vcc-— = -15V, Ta = 25°C 


Large-signal differential R az 
operating characteristics, Vcc + = 15 V, Vcc— = -—15V, Ta = 25°C 


v= 20mv, RL = 20, eS SNES SFr 
CL_= 100 pF RS ae ae 
VI 
CL 


= 4G'V, Ri = 2k, 
L 1.5 2 Vips 
= 100 oF 


TEST CONDITIONS 


SR Slew rate at unity gain 
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@ Wide Common-Mode and Differential 
Voltage Ranges 


@ No Frequency Compensation Required 

@ Low Power Consumption 

@ No Latch-Up 

@ Unity Gain Bandwidth 3 MHz Typical 

@ Gain and Phase Match Between Amplifiers 


e Designed to be Interchangeable with RM4136 
Raytheon RM4136, RV4136, and RC4136 FK CHIP ey 
(TOP V 
e Low Noise... 8 nV//Hz Typ at 1 kHz 2 ero 
22 <2¢é2 
description = —O¢¢ 
tH tt Awe 
The RM4136, RV4136, and RC4136 are quad ees 


high-performance operational amplifiers with 


ifi j imi 18\] #4 OUT 
each amplifier electrically similar to the uA741 urs 
except that offset null capability is not provided NCU5 17 NC 
3 ; E #2 OUTI)6 16Vcc + 
The high common-mode input voltage range and Ncf)? isfINC 


the absence of latch-up make these amplifiers #2IN+)8 14[] #3 OUT 


ideal for voltage-follower applications. The 
devices are short-circuit protected and the 
internal frequency compensation ensures 
stability without external components. 


The RM4136 is characterized for operation over 
the full military temperature range of —55°C 
to 125°C, the RV4136 is characterized for 


RM4136, RV4136, RC4136 


QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


D2142, MARCH 1978—REVISED NOVEMBER 1988 


Continuous-Short-Circuit Protection RM4136 . . . J OR W PACKAGE 
ALL OTHERS . . . D, J, OR N PACKAGE 


(TOP VIEW) 


2 


Operational Amplifiers 


9 
Fisk 
| 
Z 
N 
te 


NC —No internal connection 


#3 IN-[L 
#3 IN+T 


operation from —40°C to 85°C, and the RC4136 Symbol (each amplifier) 


is characterized for operation from 0°C to 70°C. NONINVERTING 
INPUT IN+ tet 
INVERTING 
INPUT IN— 
AVAILABLE OPTIONS 


Pe ete SA! OF oe teat OF ee ame Ov: IMIS ais 20GN OF NS) 
VI0 aig SMALL-OUTLINE | CHIP CARRIER | CERAMIC DIP | PLASTIC DIP FLAT 

Ef-fe[ l= 
ae 
—40°C 

Se ee ode 
85°C 
—5§5°C 

eo melee ee 
125°C 


The D packages are available taped and reeled. Add the suffix R to the device type. (e.g., RC4136DR) 
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RM4136, RV4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


Vcc+ 
NONINVERTING 
INPUT IN+ 
INVERTING 
INPUT IN- 
OUTPUT 
Vcc-— 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


) nS go cured 33 Sroeue har, 
pelea ae tea 


2 


V 
“18 v 
v 


Duration of output short-circuit to ground, one amplifier at a time unlimited unlimited tiniimited 
(see Note 4) 


See Dissipation Rating Table 
6510150 [ “0 
ee por a 


siaipduiy jeuoieisdgC 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Voc+ and Voc-. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVET, | POWERRATING POWERRATING POWER RATING 


D 7.6 mW/°C 
FK 11.0 mW/°C 
J (RM4136) 11.0 mw/°C 


PACKAGE 


J (others) 8.2 mW/°C 
N 9.2 mW/°C 
Ww 8.0 mW/°C 
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RM4136, RV4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC + = 15V,VCC-— = - 15V 


PARAMETER TEST CONDITIONST UNIT 


MAX MIN TYP MAX MIN TYP MAX 
aera e AT [25°C | i Se SOR Sa ee : 
i ole co rea 78 2 


{5 EO Bee Es a ee Saye 
Input offset current | Vq = 0 | 25°C 
Full range ee ieee nee ee 2 


ef SR |, ee 
Input bias current | Vo =0 | 25°C 00 500 
Full range oe ee ee 


input voltage range a att a a 
Maximum pesk  [PL= 10m 
Vom — outputvotage [RL = 2K v 
swing Lae ie ae Sh oe ee 
Large-signal 


differential =+ ' oe. 
AVD voltage bat 
s Full range 
amplification 
Unity- gain 2 


r,s Inputresistance | resistance YEG ~ J 


CMRR Common- mode 
rejection ratio 


Supply voltage 
ksvs sensitivity 
(AVi9/AVcc) 


Operational Amplifiers 


Equivalent input BW = 1 Hz, 
Vn noise voltage f= 1 kHz 
(closed-loop) 

Rs = 1002 


Vo =0 
aoe mmo meme ec 


Supply current 
(All four amplifiers) 


Total power 
Pp dissipation 
(All four amplifiers) 


Vo = 0, MIN T 180 400 180 400 180 400 mw 
ie 


Avp = 100, 
pieasaoun f = 10 kHz, 


t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is —55°C to 125°C for 
RM4136, —40°C to 85°C for RV4136, and 0°C to 70°C for RC4136. 


operating characteristics, Vcc + = 15 V,VCC-— = —15V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
MIN MAX TYP MAX 


tr Rise time Vi = 20 mV, RL = 2k, 


Overshoot factor Cy. = 100 pF 


Slew rate at unity gain seo a ii 
W rate at unity gai 
ys = 100 pF 


2 
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RM4558, RV4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


D2141, MARCH 1976—REVISED DECEMBER 1988 


Continuous-Short-Circuit Protection D, JG, OR P PACKAGE 


Wide Common-Mode and Differential (TOP VIEW) 
Voltage Ranges 


No Frequency Compensation Required 


Low Power Consumption 


No Latch-up 

Unity Gain Bandwidth 3 MHz Typical 

Gain and Phase Match Between Amplifiers 
Low Noise . . . 8 nV/VHz Typ at 1 kHz 


Designed to be Interchangeable with 
Raytheon RM4558, RV4558, and RC4558 


2 


description 


The RM4558, RV4558, and RC4558 are dual general-purpose operational amplifiers with each half 
electrically similar to uA741 except that offset null capability is not provided. 


The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short-circuit protected and the internal frequency 
compensation ensures stability without external components. 


The RM4558 is characterized for operation over the full military temperature range of —55°C to 125°C, 
the RV4558 is characterized for operation from —40°C to 85°C, and the RC4558 is characterized for 
operation from O°C to 70°C. 


Operational Amplifiers 


AVAILABLE OPTIONS 


SMALL OUTLINE CERAMIC DIP PLASTIC DIP 
at 25°C 
(D) (JG) (P) 


0°C 
to 6 RC4558D RC4558JG RC4558P 
70°C 
RV4558D RV4558JG RV4558P 


The D packages are available taped and reeled. Add the suffix ‘‘R’’ to the device 
type (e.g., RC4558DR). 
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RM4558, RV4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


Vcc+ 


INVERTING 

INPUT IN— 

NONINVERTING 

INPUT IN+ 
OUTPUT 

Vcec— 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


sigyydwuy jeuoieisdg Bs 


Sevan VoocmeNet ee ey 
iegio. ake | ee a ee | 


Duration of output short-circuit to ground, one amplifier at a time 
(see Note 4) 


Continuous total dissipation See Dissipation Rating Table 
Operating free-air temperature range | -55 to 125 | —40 to 85 
Storage temperature range 65 to 160 | °C 


| - 65 to 150_ 
for 60 seconds: JG package 
Lead temperature 1,6 mm (1/16 inch) from case ee ee 
NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc-. 
. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 


. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 


WN 


DISSIPATION RATING TABLE 


25° Tl ACTOR DERATE = e = 2 = ° 
PACKAGE Ta =25°C DERATING FACTO R. Ta = 70°C Ta = 85°C Ta = 85°C 


POWER RATING ABOVE Ta = 25°C ABOVE Ta POWER RATING POWER RATING POWER RATING 
D 680 mW 5.8 mW/°C 


JG (RM4558) 680 mW 8.4 mW/°C 
JG (RV4558) 
(RC4558) 

P 680 mW 8.0 mW/°C 


680 mW 6.6 mW/°C 
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RM4558, RV4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC + = 15 V, VCC-— = -15V 


RM4558 RV4558 
PARAMETER TEST CONDITIONSt _RMas58_| 
zc | 05 6 
ViO Input offset voltage Vv 
ullrange] ——S—= 
25°c | 8 200) 
lo Input offset current Vv Po oe 
IB 


~ 

ro) 
fee) 
ro) ™ 
ro) o 


RC4558 
MIN TYP MAX 


Cc 
z 
4 


2) 
3 


< 


“A 


mn mn n 
N 
o 
° 
QO JO;OQTO oO oO 


ull range 


: 26° 140 500 140 500 
| Input bias current V 
ullrange| 1500. 


Common-mode 
VICR 3 25°C +12 +14 +12 +14 +12 +14 
input voltage range 


~ 
o 


ESSE a it RL = 10 kQ +12 +14 +12 +14 +12 +14 
ximu 
Mi ce ‘ RL = 2 ko 25°C |+10 +13 +10 +13 +10 +13 
I 
7 RL = 2 kQ Full range} +10 +10 
Large-signal differential RL = 2 kQ, 25°C | 50 350 Se ee 
AVD aS /mV 
voltage amplification tht Uila . & Bae ot eae 
81 _Unity-gain bandwidth | —=Ss—=«d;seec | 2 ed] 
— aon |... eee See, 8 
CMRR  Common-mode rejection ratio] = = | 25° 70 90 70 90 90 
Supply voltage sensitivity Vcc = +15 V 
ksvs uV/V 
(AVi9/AVcc) to +9 V 


zl 
Operational Amplifiers 


: j Avp = 100, 
Equivalent input 
Vv i Itage 5 Hs Sah ig 25°C 
noise vo 
‘ (closed si ee 
sii BW = 1Hz 


Supply current 
(Both amplifiers) 


No load, 


Total power dissipation 
(Both amplifiers) 


Grosstak  [Openloop |Rg=1k0, | 25°c | 05 | 5 —*«| SiC 
ie ie. | ee 


attenuation Ayp = 100} f = 10 kHz 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
is —55°C to 125°C for RM4558, —40°C to 85°C for RV4558, and 0°C to 70°C for RC4558. 


operating characteristics, VCC + = 15 V, VCC-— = -—15V, Ta = 25°C 


RM4558 RV4558 RC4558 
PARAMETER TEST CONDITION 
PARAMETER | aa MIN TYP MAX | MIN TYP MAX | MIN TYP MAX| ~~” 
(awe | Os Os | ae 
glass ce oe te ee ee 


Slew rate at | Vj = 10V, RL = 2k0, 
i taal L foes Se ee 
unity gain Cy = 100 pF 
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SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


D2532, JULY 1979—REVISED MAY 1988 


@ Equivalent Input Noise Voltage SE5534, SE5534A .. . JG PACKAGE 
3.5 nV/./ Hz Typ NE5534, NE5534A .. . D, JG OR P PACKAGE 
| (TOP VIEW) 
Unity-Gain Bandwidth ...... 10 MHz Typ 


BALANCE []1 U 8[] COMP/BAL 
Common-Mode Rejection Ratio 


100 dB Typ 
@ High DC Voltage Gain .... 100 V/mV Typ 
32 V Typ with Vcc + = +18 V and FK CHIP CARRIER PACKAGE 
RL = 600 0 (TOP VIEW) 
High Slew Rate ............ 13 V/ps Typ z 2 
© 
Wide Supply Voltage Range 2 ms 
+3 Vto +20 V OZ0O0 be 
a6 2 Oz o 
Low Harmonic Distortion = oe 
Designed to be Interchangeable with Signetics neha 1801 NC os 
SE5534, SE5534A, NE5534, and NE5534A ie 8 WE vee. & 
symbol NC U6 : } nc a 
conn oe “ae : 
COMP/BALANCE J 8 ; NC 3 
me) a an Bem Bees ‘~ 
INVERTING oS 
a Oo ;oa0 = 
INPUT IN pines 2 Q Zz = Zz o 
NONINVERTING a Q. 
INPUT IN+ oO 
BALANCE 


AVAILABLE OPTIONS 
Vio MAX 
tf SMALL OUTLINE 
AT 25°C 
(D) 


to 4 mV 
70°C NE5534AJG 


- 55°C Poe = PSERBBAPR | SERRORIG, Do || 
2 mV 
| = __sesssaarx] sessseass | — 


The D package is available taped and reeled. Add the suffix R to the device type when ordering 
(e.g., NE5534DR). 


SE5534A FROM TI NOT RECOMMENDED FOR NEW DESIGNS 


CERAMIC DIP | PLASTIC DIP 
(JG) (P) 


description 


The SE5534, SE5534A, NE5534, and NE5534A are monolithic high-performance operational amplifiers 
combining excellent dc and ac characteristics. Some of the features include very low noise, high output 
drive capability, high unity-gain and maximum-output-swing bandwidths, low distortion, and high slew rate. 


These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization 
of the frequency response for various applications can be obtained by use of an external compensation 
capacitor between pins 5 and 8. The devices feature input-protection diodes, output short-circuit protection, 
and offset-voltage nulling capability. 


PRODUCTION DATA documents contain information a Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments Ti 

standard warranty. Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 2-181 
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SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


description (continued) 
For the NE5534A, a maximum limit is specified for equivalent input noise voltage. 


The SE5534 and SE5534A are characterized for operation over the full military temperature range of —55°C 
to 125°C; the NE5534 and NE5534A are characterized for operation from O°C to 70°C. 


schematic 


BALANCE COMPENSATION/BALANCE COMPENSATION 


Vcoc+ 
12 
F 
Sl Be SSO (ee 
os ee 


NONINVERTING 

INPUT IN + eA A 
INVERTING 
INPUT IN — 


All component values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


siaipyduiy jeuonessodg HW) 


Vec- 


Supply VOlBOS “7 e 5 (GRO TIGR TP. hers. 6 Wada so esta PS bole Eas RE Eacalns. S ag cad. 8 ecle a 22 V 
Sano VONgEe, Wer tele ttt hl Ga ss ee cl en oar ein oe ee rere i sw aoe —-22 V 
Input Voltage Ameri LOR recto 1 II 2) om ool an tere ghee hg is Se veo tie ae aly 3 ope Peo dew! oon a VEE a 
Inuit CUTAN: (ROUDENUR Ss 2S DSi et ooo ipo ov Sow a EBS AIS Ook a) Does ele ol ecapireew fa wa So ale +10 mA 
Duration of OUtHUR SiiartscirCuit- (sae: NOTE A) ces cre co Pee eee ed ee oe ale le So unlimited 
Continuous total mower Gissinanon: ote cas poe eek eee te bore ode We See Dissipation Rating Table 
Operating free-air temperature range: SE5534, SE5534A .................4. — 55°C to 125°C 

Meco. meeuarn st oe eee vies Beare et O°C te 7OrC 
Storage temperature varige 8) 26.50% Sea ys oe er Os Pg ak Be Be Se —-65°C to 150°C 
Gase temperature for 60 seconds: -FK- package : i... Ss ka PE ss ewe oe 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc-_. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 
3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless 
some limiting resistance is used. 
4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure 
the maximum dissipation rating is not exceeded. 
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SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 125°C 
POWER RATING ABOVE Ta, = 25°C POWERRATING POWER RATING 
D 725 mW 5.8 mW/°C 


PACKAGE 


FK (see Note 5) 1375 mW 11.0 mW/°C 
JG (SE5534_) 1050 mW 8.4 mW/°C 
JG (NE5534_) 825 mW 6.6 mW/°C 

P 1000 mW 8.0 mW/°C 


NOTE 5: For the FK package, power rating and derating factor will vary with actual mounting technique 
used. The values stated here are believed to be conservative. 


electrical characteristics, VCC + = + 15 V, Ta = 25°C (unless otherwise noted) 


25 
/mV 


IGA {4 
Maximum peak-to-peak V = +15V 24 26 
Vope ghee ab RL = 600 9 CC + 
output voltage swing Vec+ = +18V 30 32 
A Large-signal differential Vo = +10V, Ta = 25°C 
ba voltage amplification Ri = 600 2 Ta = full range 25 
Small-signal differential 
Agee ee et SO Kee c 
voltage amplification Cc = 22 pF ‘ 
Vo = +10V, Cc =0 


Vo = +10V, Cc = 22 pF 


Vcec+ = +18 V,Vo = +14 V, 
RL = 600 2, Cc = 22 pF 


Unity-gain bandwidth Cc = 22 pF, Cy = 100 pF 


SE5534, SE5534A NE5534, NE5534A 
PARAMETER TEST CONDITIONST ” 
MIN TYP MAX MIN TYP MAX — 
Gro PUR be ee a 2 
Vio Input offset voltage V — 
ag = boo ge te pe ee = 
TES. es Se oe 20300 a 
lio Input offset current Vo =0 B A & 
7 i a <a. 
: eee 500 1600 < 
IE : = 2000 3 
Common-mode ¢ 
Vic $42, cto * 12)... 428 
input voltage range ‘@] 
as ae eS 4 
14] 
EE Eee he 
Eee ie 4 
ey ra 


wr 
Ol 
—_ 
Ld Olwlry 
NS) OINIO 


O 
fe) 
ache __ 400 
u | urr 
P O Ta = full range 150 
fe) 
O 200 


Maximum-output-swing 


B 
OM. bandwidth 


Nh 
q od ~ (2) 


w 
a \ 
2 lolal 3 
w |dlol o 
5 


Tes ie = 
. B12] = i CBee eee 
N N < = 


By 
Pane aMieurmenempetie tips ar ter fo 0 
; Avp = 30dB, R, = 6002, 
Output ed 6) 
Cc = 22 pF, f = 10 kHz 
C -mod Vo = 0, Vic = V in, 
CuRAL Tule 0 Cen ee 80 100 70 100 
rejection ratio Rs = 502 
Supply voltage 
Vv = +9Vto + 15V, 
ksvR_ rejection ratio main rie ae 86 100 80 100 
(AVcc/AVi¢C) 2 ° 
Output short-ci it 
current 
No toad, [Ta = 25°C 
eee PS ais |i ST I = 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
is Ta = —55°C to 125°C for SE5534 and SE5534A and O°C to 70°C for NE5534 and NE5534A. 
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SE5534, SE5534A, NE5534, NE5534A 
: LOW-NOISE OPERATIONAL AMPLIFIERS 


2 


operating characteristics, Vcc + = +15 V, Ta = 25°C 
PARAMETER TEST CONDITIONS |_SE5534, NESS34_| er Be ik UNIT 
MIN TYP MAX | MIN TYP MAX 
gp Slew rate at Go ke es RE SG Se es 
___unity gain Cc = 22 pF BS Ss 2 ae 
Cc = 22 pF, 
mae ee ae SG ee 
Pi lgeek fro Merge 1m 
Pe te 
Equivalent input WitaeMeln) D525 = nF le) > = 7eyow beeen 
Vv nV// Hz 
age a ae I 
Eniventinph (Paap foes ee | pneaga | 
l Alf Hz 
"noise current f= 1 kes ee Se emer ce ee 
F Average noise figure | Ag= 5k, f= 10Hzto20Km|  -+| 09 ~*| «8 | 


TYPICAL CHARACTERISTICSTt 


NORMALIZED INPUT BIAS CURRENT 


and INPUT OFFSET CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 


30 


Vcec+ = +15 V 


siaiyduiy jeuonessdg 


eel Sai 
| mi 

Cll ERE ai 

ON aU A 


TIT Teese NT 
CUT TM TM AN 


25 


20 


15 


Vopp—Maximum Peak-to-Peak Output Voltage—V 


Normalized Input Bias Current and Input Offset Current 


10 
5 ' 
NWI 
hi 
0.4 0 batt 
—-75 -50 -25 0 25 50 75 100 125 100 1k 10 k 100 k 1M 
Ta—Free-Air Temperature—C f—Frequency—Hz 
FIGURE 1 FIGURE 2 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


LARGE-SIGNAL NORMALIZED SLEW RATE and 
DIFFERENTIAL VOLTAGE AMPLIFICATION UNITY-GAIN BANDWIDTH 
vs vs 
FREQUENCY SUPPLY VOLTAGE 


106 


Avp-—Differential Voltage Amplification 
o 
Ww 
Normalized Slew Rate and Unity-Gain Bandwidth 


1 
10 100 1k 10k 100k 1M 10M 100M 


f—Frequency—Hz I\Vec+!—Supply Voltage—V 
FIGURE 3 FIGURE 4 


Operational Amplifiers By) 


NORMALIZED SLEW RATE and 


UNITY-GAIN BANDWIDTH TOTAL HARMONIC DISTORTION 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 


r “TOT Ty 
Vecs = #15 VT 


Vcc+ = +15 V 


THD—Total Harmonic Distortion—% 


Normalized Slew Rate and Unity-Gain Bandwidth 


2 -50 -25 0 25 50 75 100 125 100 400 1k 4k 10k 40k 100k 
Ta—Free-Air Temperature—C f—Frequency—Hz 
FIGURE 5 FIGURE 6 
tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE CURRENT 
vs vs 
FREQUENCY FREQUENCY 


1D mt tT 


aR eS: all 
Vcec+ = +15 V 
ae sage il 


sail 

SAS ll 
cron Cot 
N NN i a Ht 


Sst 11 
CoM SSC 


aia SE5534A, eenr 


Vn—Equivalent Input Noise Voltage—nV// Hz 
> 
I,—Equivalent Input Noise Current—pA/\/Hz 


“3 i ici 
1 0.1 | TH 
10 100 1k 10k 100 k 10 100 10 k 100 k 
f—Frequency—Hz f—Frequency—Hz 
FIGURE 7 FIGURE 8 


sioiyyduy jeuojeisdg BW 


TOTAL EQUIVALENT INPUT NOISE VOLTAGE 
vs 
SOURCE RESISTANCE 


=o ee +15 V pets Sista ‘ 
meet fa aoe 
Ta = 25°C tt GAG ee 


val 
Hn Cone 


Sit WA al 


— }—+ 1} 
0.4 a «7 
WARE as 


Total Equivalent Input Noise Voltage—yV 


100 1k 10 k 100 k 1M 


Rs—Source Resistance—Q 


FIGURE 9 
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TLO22M, TLO22C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


D1661, SEPTEMBER 1973—REVISED JULY 1988 


TLO22M . . . JG PACKAGE 
TLO22C ...D, JG, OR P PACKAGE 
@ Power Dissipation with +2-V (TOP VIEW) 


Supplies ... 170 »W Typ 


Very Low Power Consumption 


Low Input Bias and Offset Currents 


Output Short-Circuit Protection 


Internal Frequency Compensation TENSE. EA Severe 
(TOP VIEW) 


® 

@ 

@ Low Input Offset Voltage 
® 

@ Latch-Up-Free Operation 
ca 


Popular Dual Op Amp Pin-Out 


TLO22M IS NOT RECOMMENDED FOR 
NEW DESIGNS 


description NC—No internal connection 
The TLO22 is a dual low-power operational symbol (each amplifier) 
amplifier designed to replace higher power 
devices in many applications without sacrificing NONINVERTING 
system performance. High input impedance, low INPUT IN + OUTPUT 
supply currents, and low equivalent input noise INVERTING 
voltage over a wide range of operating supply INPUT IN — 


voltages result in an extremely versatile 
operational amplifier for use in a variety of analog 
applications including battery-operated circuits. 
Internal frequency compensation, absence of 
latch-up, high slew rate, and output short-circuit 
protection assure ease of use. 


Operational Amplifiers B® 


The TLO22M is characterized for operation over 
the full military temperature range of —55°C 
to 125°C; the TLO22C is characterized for 
operation from O°C to 70°C. 


AVAILABLE OPTIONS 


Vio MAX 
ce oc SMALL OUTLINE | CERAMIC DIP | PLASTIC DIP | CERAMIC FLAT PACK 
(D) (JG) (P) (U) 


TLO22CD TLO22CJG TLO22CP 


The D package is available taped and reeled. Add the suffix R to the device type (i.e. TLO22CDR) 


PRODUCTION DATA documents contain information 


_ Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to A, 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not 2-187 
necessarily include testing of all parameters. INST RUMENTS 
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TLO22M, TLO22C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Vv 


Ev 


Continuous total dissipation See Dissipation Rating Table 
Operating free-air temperature range | -55to125 | Oto70 | °C | 


2 


NOTES:1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc -_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
4. The output may be shorted to ground or either power supply. For the TLO22M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATE Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Tg POWER RATING POWER RATING 
D 680 mW 5.8 mW/°C 
JG (TLO22M) 680 mW 8.4 mW/°C 


PACKAGE 


JG (TLO22C) 680 mW 6.6 mW/°C 
P 680 mW 8.0 mW/°C 
U 675 mW 5.4 mW/°C 


sioyyduiy jeuoijeisdg 
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TLO22M, TLO22C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


TLO22M TLO22C 
PARAMETER TEST CONDITIONS? MIN. TYP MAX | MIN TYP MAX 
= Vo = 0, Boece ee 
10 _—siInput offset voltage mV 
Rs = 500 | TS ee es BES 
ign Sa ee rane ee 
: ft | Full range | 
Full range | ——100| ———-200 | 
: pee Be 100) 7 100 280 
he Rai aed Full range 
y Common-mode £2. 243 £1257 £19 y 
ICR input voltage range Full range 
Maximum peak-to-peak | AL = 10 Ko Ppaeec | 20 op | 20 tonriaulniy 
OPP output voltage swing | Ru = 10 KO fibergyis20)) gan [5 20) aa 
A Large-signal differential RL = 10 kQ, 72 -@5 60 80 
VP voltage amplication Vo = +10V Full range +2. eee ES eee 
B]_Unity-gain bandwith | ———S—S~CS aes C*dYSCSC~“‘“ SSCSC*déC<‘ | 
CMRR Common-mode Vic = ViCcR min, 60 72 60 72 
relection ratio Rs = 500 Full range | 60. ———~«d(Y~ eo SS 
kK Supply voltage sensitivity | Vcc = +9 Vto +15 8; = Sea eS 30 200 VV 
SVS (avio/AVcc) Rs = 500 full range | ——SitO | ~~~ 200 | * 


Equivalent input 
noise voltage 


(both amplifiers) Vo = 0 Tae ee 
Sees aes ee 
(both amplifiers) Vo = 0 GS ees 
T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
for TLO22M is —55°C to 125°C and for TLO22C is O°C to 70°C. 


B = 1 Hz, 
f = 1 kHz 


Operational Amplifiers By 


operating characteristics, Vcc + = 15 V, VcCc— = -15V, Ta = 25°C 


PARAMETER TEST CONDITIONS eon eae UNIT 
MIN TYP MAX} MIN TYP MAX 


a 
CL = 100 pF, See Figure 1 


Vi = R_ = 10 kQ, 


= } See Figure 1 


< 
i 

N 
3 
3 

< 
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TLO22M, TLO22C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS 


TOTAL POWER DISSIPATED 
vs 
SUPPLY VOLTAGE 


OUTPUT 
INPUT 


— 
—-—--0V ° 
5 
INPUT VOLTAGE = 
WAVEFORM = 
E 
a} 
= i) 
7 
TEST CIRCUIT e 
o. 286@ S i.8 -2 96 fz. 74 16. 48: 20 
FIGURE 1. RISE TIME, OVERSHOOT FACTOR, Mcc+!—Supply Voltage—V 
AND SLEW RATE FIGURE 2 
schematic fa Sie 
SRN TREE OE 7 FOIE STS OR: SPREE Rs SS Sabla. --= 
= EACH AMPLIFIER COMMON TOBOTH | 


AMPLIFIERS 


| | | 
| Vcc+ 
es ee sues ur eee dc oe 
| Be AMPLIFIER 
7 | 
| 
| 
| 
| | 
, | 
| 
INVERTING | | 
INPUT IN— 7 e 
NONINVERTING | | 
INPUT IN+ | 
| | 
ita, 
| | 
| | 
| | 
| | vee 
Lane oar ee peat rane te So ees ee 5 Pee a Oe NTT eet J 
TO OTHER SECTION 
U 
Bs TEXAS ag 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


D3151, JULY 1988 — REVISED JANUARY 1989 


@ Maximum Offset Voltage ... 800 nV @ Very Low Power Consumption ... 6.5 mW Typ 
@ High Slew Rate ... 2.9 V/us Typ @ Output Short-Circuit Protection 
@ Low Input Bias Current ... 2 pA Typ 


D, JG, or P PACKAGE FK PACKAGE L PACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) 


OFFSET Ni[]1 LJ sf] NC 
IN - 7L] Voc + 
IN+{}3 61 | OUT 
Voc - 5| | OFFSET N2 


Pin 4 (L Package) is in electrical 
contact with the case 


NC — No internal connection 


description 


The TLO31 and TLO31A operational amplifiers incorporate well-matched, high-voltage JFET and nitlay 
transistors in a monolithic integrated circuit. These devices offer the significant advantages of Texas 
Instruments new enhanced JFET process. This process affords not only low initial offset voltage due to the 
on-chip zener trim capability but also stable offset voltage over time and temperature. In comparison, 
traditional JFET processes are plagued by significant offset voltage drift. 


This new enhanced process still maintains the traditional JFET advantages of fast slew rates and low input 
bias and offset currents. These advantages, coupled with low power consumption, make the TL031 well- 
suited for new state-of-the-art designs as well as existing design upgrades. The TLO31 has been designed 
to be functionally compatible and pin compatible with the TLO61. 


DISTRIBUTION OF TLO31A 
INPUT OFFSET VOLTAGE 


AVAILABLE OPTIONS 


Vio™max| sMALL- CHIP CERAMIC —=—- METAL __«~PLASTIC 
TA | aT 25°C| QUTLINE CARRIER DIP CAN DIP 
(D) (FK) (JG) (L) (P) 


oe TLO31ACD TLO31ACJG  TLO31ACL TLO31ACP 


70°C 15 mv | | 1.5mV |TLO31CD —  TLO31CJG  TLO3ICL TLO3ICP 
pee —- _TLOSIANG TLOSIAIL TLO3IAIP 


gC TLO31ID TLO31IJG  TLOSTIL TLO3IIP 


5a TLO31AMD TLO31AMFK TLO31AMJG TLO31AML TLO31AMP 


125°C | 1.5 mV |TLO31MD TLO31MFK TLO3iMJG TLO3iML TLO3iMP 


Percentage of Units — % 


D packages are available taped-and-reeled. Add "R" suffix to device type (e.g., 


TLO31CDR). 
-900 -600 -300 0 300 600 900 


Vio — Input Offset Voltage — pV 


2 


Operational Amplifiers 


PRODUCTION DATA documents contain information Copyright © 1988, Texas Instruments Incorporated 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


description (continued) 
Two offset voltage grades are available: TLO31 (1.5 mV max) and TLO31A (800 nV max). 


A variety of available packaging options includes small-outline and chip carrier versions for high density 
system applications. 


The M-suffix devices are characterized for operation over the full military temperature range of — 55°C to 
125°C. The I-suffix devices are characterized for operation from — 40°C to 85°C. The C-suffix devices are 
characterized for operation from 0°C to 70°C. 


equivalent schematic 


OFFSET N1 
OFFSET N2 


sisyyduiy jeuoneisdg a: 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


een MUraMne arr 27 (GOG MOt@r Eo. cis 5-4 Oe ts Oo hereie sis ieee eh n> 4b oa epee e wey 2 es 18V 
Or em te OO FUER Es ome oe Soin ed ee ee eae EAE wd ay ba wes ce eae a ee -18V 
Leseronuer ut VOnmee 1SGG MOG 2) oo) Gc hk le ppeccep cle bsiea view saa cee 6 cane py eee a ee +30 V 
Input voltage range, V; (any input, see Notes 1 and 3)........... 5c ec ee ewe eee en eee £15 ¥ 
Be ee a Ce ot RS SS Se, iene or Wed ee Pk nny Aaa ao enna Bue aE > +1mA 
RE, BP rs ee ond he x 5 Fy ee Te oes 2) be 3 heme h oe oe Mua Bae nes +40 mA 
MCR CRMRSEEIR: WSS SROFEIIIIED oa. 5 bs CLs eager oe pin = ay es Gee es hs OLB Came ee 160 mA 
TO Guten OUTGl Vers teal. os. in Pe Te lees 6 ose mpeg Cape + EW eee RP Es 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ......... 0... 2. cee eee eee Unlimited 
SSUES TIAN EEOONIGUON cc. kod sc fowls Ag eae es lee dee» i's Cobos See Dissipation Rating Table 2 
Operating free-air temperature, Ta: M-suffix ....... 0... c ccc cece eee ee eens — 55°C to 125°C 
BININ 3. sks Svhceee >) ooo ost os sb ce ee Ee ee — 40°C to 85°C 
BN Se wre gtce's GEARY VPP As oe i 3 Vegan 0°C to 70°C 
Storsce tnoeraiure anges 8.9 8s ca ys RW oe he es cee EON OU SD ee ae — 65°C to 150°C 
Case temperature for 60'seconds: FK package’ >... ... . 6 2.0 ke) Aide eee cp ee ceueneees 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package................ 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc 4 and Voc _ . 

2. Differential voltages are at the noninverting input with respect to the inverting input. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
4. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 


maximum dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


” 
fae: 
® 
r= 
a 
e 
<x 
i) 
c 
2 
ad 
© 
fm 
© 
a 
Oo 


Ta < 25°C DERATING FACTOR = Ty = 70°C Tp = 85°C Tp = 125°C 
POWER RATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 
725 mW 5.8 mW/°C 
1375 mW 11.0 mw/°C 
1050 mw 8.4 mW/°C 
825 mW 6.6 mW/°C 
1000 mw 8.0 mW/°C 


PACKAGE 


recommended operating conditions 


SS ees ee ee edie 


Suey walage, Weg 
ete ei : 
ye ies rolite aL Voc+ = 215V | -115 14 [-115 14 |-115 14 

Operating free-air temperature, Ta — 55 125 — 40 85 
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TLO31M, TLO31AM 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


electrical characteristics 


Vec+ = t5V Vec+ = +15V 
PARAMETER TEST CONDITIONS Tat MIN TYP MAX MIN TYP MAX UNIT 


Fo 0.54 3.5 0.5 1.5 
ca 
TTT RR 1 TET 
25° 
. 
Full range eae Marr 


Tuosim | ~~ 
125°C 
25°C to pV/°C 
TLO31AM 1 4.3 
Input offset voltage 
25° 04 V 


= ° * 1 
Input offset current Vo = 0,Vic = 0, 1 __ 100 
Figure 5 ee 0.2 10 0.2 10 


Input bias current = OMG: = 6, 
se Figure 5 ae 


Common-mode input 
voltage range 


Vio Input offset voltage 


Temperature coefficient 


aVIO of input offset voltage 


—-11.5 -13.4 
to to 
15.4 


VICR 


Maximum positive peak 


V 
OM + output voltage swing 


10 ka er Be ET eS eT 

vimy 
St omen ae eee ee) a | 
CERN CE aR Wl I TEL 


Common-mode 
rejection ratio 


Maximum negative peak 
output voltage swing 


Be) 
= 
i] 


Vom - 


Large-signal differential 
voltage amplification 


Ru 10 kQ, 


A 
VD See Note 6 


CMRR 


Supply-voltage 
KsyR __ rejection ratio 
(AVcc +/ AVIO) 


No load, 
Vo = 


Pp Total power dissipation 


No load, 
Vo = 


loc Supply current 


t Full range is — 55°C to 125°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T 4 = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. AtVoc+ = t5V, Vo = +2.3V;i atVoo+ = t15V, Vo = +10V. 
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TLO31M, TLO31AM 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


operating characteristics 


’ Voc+=t5V Vec+ = +15V 
PARAMETER TEST CONDITIONS Ta MIN TYP MAX M TYP MAX UNIT 


Positive slew rate 


Ry = 10 kQ, 
at unity gain 


“CL = 100 pF, 
See Figure 1, 
See Note 7 


8 Se 2 ee 


Negative slew rate 
at unity gain 


IN 
2.0 
1.4 
2.4 
3.9 
Vius 
CARD ERE (RS EE | 
142 
166 5 Oe aa 
61 
a1 
61 
a1 
: 
: 
= 
a 


2.9 
1.9 
3.5 
5.1 
=o 
4.7 
=o 
< 58 
138 32 
gers tee Tale] Be 
See Figures 1 and 2 Re | ae 158 
—| 
61 
41 
61 
41 
1.1 
1.1 
65° 
64° 
2° 


11% 


spies TLO31M Rs = 100Q, SS es es 
Pen: (Seidel (ais Sal He 


Overshoot factor 


See Figure 3 RG Saas 
noise voltage | TLO31AM Spies Pass: 


Equivalent input 
In q P f = 1kHz 2 0.003 0.003 pA/Hz 
noise current 


Vj = 10mV, RL = 10 kQ, 
Ci = 25pF, See Figure 4 


Unity-gain bandwidth 


Operational Amplifiers By 


Phase margin 
at unity gain 


eli ae a ee eee 
OE ET ay ls Baas Eee) 
a a ae ae ee ee 
ie De a ai eS 
Res oa ee anes Tel eR SS 


NOTE 7: ForVoco+ = +5V, Vipp = +1V;forVcoc+ = +15V, Vipp = +5 V. 
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TLO311, TLOS1AI 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS , 


electrical characteristics 


Voc+ = t5V Vec+ = t15V 
PARAMETER TESTE CONDITIONS Tal MIN TYP MAX | MIN TYP Max | ON 


V Input offset voltage 
10 F ae 25°C 


Full range 
25°C to 


Temperature coefficient 
iis 85°C 


avIO of input offset voltage 
(see Note 8) 


2 


Input offset voltage 
long-term drift (see Note 5) 


Vo = 0, Vic = 0, 
See Figure 5 0.02 0.45 0.02 0.45 
ee \inestiaeueers Vejen Otis = 0 ocr] grees fos ee en eA 
See Figure 5 Poe | Oe woe |, etme | nA 
-15 -3.4 


-11.5 -13.4 
to to to to 
Common-mode input 4 5.4 


lio Input offset current 


14 15.4 


V 
voltage range 
Full range 


14 
Maximum positive peak 


output voltage swing 


suoyduiy jeuoneisdg 


Maximum negative peak 
output voltage swing 


Large-signal differential 10 kQ, 
voltage amplification See Note 6 


i Input resistance fire eet 
Cj _Input capacitances [SS 


CMRR sgl idles 
rejection ratio 


Supply-voltage 
ksyR __ rejection ratio 
(AVcc +/ AVIo) 


Pp Total power dissipation 


loc Supply current 


T Full range is — 40°C to 85°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tq = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. AtVoc+ = t5V, Vo = +2.3V; atVoc+ = 15 V, VO = +10V. 
8. This parameter is tested on a sample basis for the TLO31A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TLO311, TLO31Al 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


operating characteristics 
Ee ie ae es Sa a ee | aes 
Vius 


Positive slew rate 
at unity gain 


Ry = 10 kQ, 
Cy, = 100 pF, 
See Figure 1, 
See Note 7 


Negative slew rate 
at unity gain 


eer yn Poa jacee a 
GT 8 BO 
eS a aa a Vee 
EE NE RR DR | ads 
7a SE He Bilal 


tr Rise time 
Vipp = +10 mV, 
Ri = 10kQ, 

Cy = 100 pF, 

See Figures 1 and 2 


ty Fall time 


Overshoot factor 


TLO311 R 
i ’ 
nV/VHz 
noise voltage 


‘hari See Figure 3 
(see Note 9) 


Equivalent input 
noise current 


ce a 


Equivalent 
input 


B1 Unity-gain bandwidth 


Phase margin 


?m at unity gain 


NOTES: 7. ForVoco + = +5V, Vipp = +1V;forVoc+ = +15V, Vipp = +5V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 
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TLO31C, TLO31AC 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


electrical characteristics 


Vec+ = t5V Voc+ = t15V 
PARAMETER TEST CONDITIONS Tal ee ee ata | pee os 


> 54 5 
sae 054 3 


: 25°C 0.41 .28 
Se aC. 
© | Fullrange [8B 


Temperature coefficient = TLO31C i ea 

avIO of input offset voltage BC to wV/°C 
Input offset voltage 
long-term drift (see Note 5) 


= 
= 
= 


Vio Input offset voltage 


° 
w 
> 
S 
ro) 


= 0,Vig = 6 BO | sane a nO | i100 

lio Input offset current Vo B id, Sea pA 
See Figure 5 POO [cons + apy @oggeOO | 2200 

a geen eacrane SP at, ioe ed OS era RR 2s ey Se 
See Figure 5 50 400 80 400 


Common-mode input 
voltage range 


to 
14 
Maximum positive peak ec ae a ee a a 
NOM output votage swing | TET : 
Maximum negative peak rae ae ee ee Ro ee ee 
VOM 3 RL = 10k0 V 
sete wea =126 244 


Large-signal differential Ry = 10 kQ, 
voltage amplification See Note 6 


rj Input resistance 
Cj Input capacitance 


Avp 


Vic = Vicr min 7s GE Sa EOS, 
Common-mode IC ICR ™ ~ = : = 
CMRR BS Vo = 0, o°c 70 87 75 94 
ei Rg = 500 70.87 75.94 
Supply-voltage Vec+ = t5Vto+15V, 75 96 75 96 
KsyR __ rejection ratio Vo = 0, o°C 75 96 75 96 
(AVcc +/ AVio) Rg = 502 75... 96 75 6 
19 25 6.5 8.4 
eget te No load, 
Pp Total power dissipation ee” 0°C 1.8 2.5 6.3 8.4 
ae 9 225 a 8 
| Supply current iabcen 
CC pply Vo = 0 


t Full range is 0°C to 70°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T a = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. AtVoc+ = t5V,Vo = +2.3V; atVoco+ = t15V, Vo = +10V. 
8. This parameter is tested on a sample basis for the TLO31A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TLO31C, TLO31AC 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


operating characteristics 


Veoc+ = +5V Vec+ = +15V 
PARAMETER TEST CONDITIONS Ta MIN TYP MAX MIN. TYP MAX UNIT 


So ae ae 


Positive slew rate 


aN ST (ek RR TS OS ee ee 
at unity gain L V/us 
CL = 100 pF, Si Ri a at 
ak ibe : ee 
Negative slew rate 9 
marta a5 ee De ee a PS et ee 


at unity gain 


Se ae hee eee 
ot eee 


tr Rise time 


Vipp = +10 mV, 
Ri = 10 kQ, 

Ci = 100 pF, 

See Figures 1 and 2 


tf Fall time 


Overshoot factor 


Equivalent 


f =10 Hz 
1 ° 
nVv/v 


input 
V ; 
"noise voltage See Figures | f = 10-Ha . 
TLO31AC 25°C 
(see Note 9) | f =1kHz | =1 | f =1kHz | 


Equivalent input 
Ca a 
noise current 
~ ARCO SE 2 RTI PPS aa Sr 
ues 05 pF, ef Maes tast emai 
AE: ke A i Ge a 
Phase margin Hg Sx Samat eae MI a 


B1 Unity-gain bandwidth 


Operational Amplifiers By 


®m at unity gain : = | i 
| lata bed Depeche Bia 
NOTES: 7. ForVcoc+ = +5V, Vipp = +1V; forVoo+ = +15 V, Vipp = +5V. 


9. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 


PARAMETER MEASUREMENT INFORMATION 


Vo OVERSHOOT { 
Vi - 
Voc - : 
CL Ri 
(see Note A) 
I | 
NOTE A: Cy includes fixture capacitance. _ ty — RISE TIME 
FIGURE 1. SLEW RATE, RISE/FALL TIME, FIGURE 2. RISE TIME AND OVERSHOOT 
AND OVERSHOOT TEST CIRCUIT WAVEFORM 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


10 kQ 
V 
10 kQ I Vo 
Gh Vcc - 
Vo CL Ri 
(see 
Vcc - Note A) 
Rs Rs = = 
== NOTE A: Cy, includes fixture capacitance. 
FIGURE 3. NOISE VOLTAGE TEST CIRCUIT FIGURE 4. UNITY-GAIN BANDWIDTH AND 


PHASE MARGIN TEST CIRCUIT 


GROUND SHIELD _ VCC + 


FIGURE 5. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 


siouydwy jeuoneiodg . 


typical values 


Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 


input bias and offset current 


At the picoamp bias current level typical of the TL031 and TLO31A, accurate measurement of the bias current 
becomes difficult. Not only does this measurement require a picoammeter, but test socket leakages can easily 
exceed the actual device-bias currents. To accurately measure these small currents, Texas Instruments uses 
a two-step process. The socket leakage is measured using picoammeters with bias voltages applied but with 
no device in the socket. The device is then inserted into the socket and a second test that measures both 
the socket leakage and the device input bias current is performed. The two measurements are then subtracted 
algebraically to determine the bias current of the device. 


noise 


Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet 
specific application requirements. Please contact the factory for details. 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


table of graphs 


Input offset voltage Distribution 


* Temperature coefficient Distribution 
ae) of input offset voltage 
iio.___Input offset current Se ec ae IS eS ee 


Vic 
| Input bias current 
IB P vs Temperature 


7 
vs 
vs Vcc 0 
V Input voltage range 
4 


2 


VID Differential input voltage vs Output voltage 12,43 


vs Voc 1 
Maximum peak output vs Output current 
voltage swing vs Frequency 
vs Temperature 
vs Ri 
Avp Differential voltage amplification vs Frequency 
vs Temperature 
Z9_____Ouitput impedance 
vs Frequency 
vs Temperature 


Vom 


CMRR Common-mode rejection ratio 


ksyvR Supply-voltage rejection ratio 
vs Voc 
los Short-circuit output current vs Time 
vs Temperature 


Operational Amplifiers 


Supply current 


Slew rate 


Overshoot factor 


Total harmonic distortion 


By Unity-gain bandwidth 


dm Phase margin 
ae 


Phase shift 
Small-signal 


Pulse response 
Large-signal 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


DISTRIBUTION OF TLO31 
DISTRIBUTION OF TL031 INPUT OFFSET VOLTAGE 
INPUT OFFSET VOLTAGE TEMPERATURE COEFFICIENT 


76 Units tested from 1 wafer lot 
Vec+ = +15V 


Ta = 25°C Ta = 25°C to 125°C 

e P Package 2 

1 1 
? 2 

Cc c 

> | 

i) i) 
Oo : : 
TT = i 
a: 8 
pe} a a 
oa 
2) 
= | 
2 

0 
4 -1.2 - 0.6 0 0.6 1.2 -30 -20 -10 0 10 20 30 
Vio — Input Offset Voltage — mV ayIO — Temperature Coefficient — .V/°C 
ah FIGURE 6 FIGURE 7 
@ 
Oo INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS vs 


FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE 


lip and lio — Current - nA 
ljp — Input Bias Current — nA 


25 45 65 85 105 125 -15 -10 -5 0 5 10 18 
Ta — Free-Air Temperature — °C Vic — Common-Mode Input Voltage — V 
FIGURE 8 FIGURE 9 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


COMMON-MODE COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS INPUT VOLTAGE RANGE LIMITS 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


=| 


POSITIVE LIMIT 


ror! 


Vic — Common-Mode Input Voltage — V 
| 
oes So 

Vic — Common-Mode Input Voltage — V 


Operational Amplifiers ee 


0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125 
Vcc +|- Supply Voltage - V T, — Free-Air Temperature — °C 
FIGURE 10 FIGURE 11 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 
VS VS 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


1.5 


0.5 


-0.5 


Vip — Differential Input Voltage — LV 
So 
Vip — Differential Input Voltage — .V 


! 
=A 
Mo Eos a 


-1.5 
aS\=4re3 =2.=1 4 4 a2 3,4 5 
Vo — Output Voltage — V Vo — Output Voltage — V 
FIGURE 12 FIGURE 13 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS vs 
SUPPLY VOLTAGE FREQUENCY 


Rr = 10kQ 


Rete 


7 

g $ 
2 5 een | 

£ % \ \ 

: . a 
- oirrvn (M0 

= a 
= E §. 10) — eta 
a s = =! W% Ta = 125°C 
- E [recay NN 
= lee AS 
Fr Paallll CTS Sw 
> 2 0 Sa 
= 0 2 4 6 8 10 12 14 16 1k 10k 100 k 1M 
& lVec +|- Supply Voltage - V f — Frequency — Hz 
= FIGURE 14 FIGURE 15 
3 

MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
OUTPUT CURRENT OUTPUT CURRENT 


Voc + = +5V 


|Vom|— Maximum Peak Output Voltage - V 
|Vom|— Maximum Peak Output Voltage - V 


0 
0 5 10 15 20 0 5 10 15 20 25 30 
ig |- Output Current - mA |Io|- Output Current - mA 
FIGURE 16 FIGURE 17 
mn Texas 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


Ayp — Differential Voltage Amplification — V/mV 


Vom — Maximum Peak Output Voltage — V 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE 


vs 
FREE-AIR TEMPERATURE 
SIRENS ski IAT Ae 


Riad GR isc ss viva oe aes oe | ee 
ieee Saat CS a Ge 
(cna oe Wee SRS REL eae 
aS oes ee ee 
Poa Gu ts Pore 


-25 0 2 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 18 


-5 
-75 -50 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 


VS 
LOAD RESISTANCE 


Vo = +1V 


it ae 
351 Ta = 25°C Fig OM HEE 9/21 


iia 

TN ATE 
20 SS 

ZAP Zalllliceee oll 
15 PAPE 

BOTT Tt 
(1 
i if 


R,_ — Load Resistance — 2 
FIGURE 20 


Vom — Maximum Peak Output Voltage — V 


Ayp — Differential Voltage Amplification 


16 
-75 -50 -25 0 25 50 75 


0.1 
10 100 1k 


MAXIMUM PEAK OUTPUT VOLTAGE 


VS 
FREE-AIR TEMPERATURE 


SONG ee a Sa Fe tS Hes, 
VOM + Sane Scie RE is 


Pt tL | | voce sa 


100 125 
Ta — Free-Air Temperature — °C 


FIGURE 19 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


VS 
FREQUENCY 


Veoc+=+15V 


10k 
f — Frequency — Hz 


FIGURE 21 


100k 1M 


Operational Amplifiers a 


Phase Shift 
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TLO31, TLO31A 
ENHANCED JFET LOW- POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 


LARGE-SIGNAL VOLTAGE AMPLIFICATION OUTPUT IMPEDANCE 


vs vs 
FREE-AIR TEMPERATURE FREQUENCY 


Bie 


200 


100) ——>; 
80 See PTH 
Ra Fea 8 A Soe #12 ELH 


Voc + = +5V 


‘4 
es 2 Pies See EST: FAS WS ET es A 


Sisal UT 
a] iene ted we EE 
i 
oe IE EY 
meget Te += +15V 
anil lg (Open loop) = 250 2 
Ta = 25°C 
10 


Ayp — Differential Voltage Amplification — V/mV 
Zo — Output Impedance — Q 
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1 
-75 -50 -25 0 a0 -- 86 =" 75 “3003 “125 1k° 10k 100 k 
Ta — Free-Air Temperature — °C f — Frequency — Hz 
FIGURE 22 FIGURE 23 
COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO 
vs VS 
FREQUENCY | FREQUENCY 


CMRR — Common-Mode Rejection Ratio — dB 
CMRR — Common-Mode Rejection Ratio — dB 


0 
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz f — Frequency — Hz 
FIGURE 24 FIGURE 25 
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CMRR — Common-Mode Rejection Ratio — dB 


los — Short-Circuit Output Current -mA 


95 


90 


80 


75 


-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
FIGURE 26 FIGURE 27 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
Vs VS 
SUPPLY VOLTAGE TIME 


30 


- 10 


— 20 


- 30 


TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO 
vs vs 


FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
100 


Veoc+ = +5V to +15V 


98 24 iad 
96 ee 


94 


Ksypr — Supply-Voltage Rejection Ratio — dB 


90 


Ta = 25°C 
ea SS A] (A 
| 


2 4 


16 
Voc +|- Supply Voltage - V t- aia Seconds 


FIGURE 28 FIGURE 29 


los — Short-Circuit Output Current - mA 


Vec + = +15V 


wy 
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TLO31, TLO31A 


ENHANCED JFET LOW-POWER LOW-OFFSET 


OPERATIONAL AMPLIFIERS 


los — Short-Circuit Output Current - mA 


lcc- Supply Current — yA 


2-208 


TYPICAL CHARACTERISTICS 


SHORT-CIRCUIT OUTPUT CURRENT 
VS 
FREE-AIR TEMPERATURE 


-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 30 


SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 
250 


200 


eke 


sine Coe 
GUS eine 
tet 
“ 


10 12 14 #416 
ees fe rea Voltage - V 


FIGURE 32 


Vo = 0 
No Load 


EQUIVALENT INPUT NOISE VOLTAGE 
VS 
FREQUENCY 


Wa 
ML 


LN 


| es cee ee ee ee oe 
10 
f — Frequency — Hz 


k 10k 100 k 
FIGURE 31 


70 


Veco + = +15V 
Rs = 100 
Ta = 25°C 

See Figure 3 


V,— Equivalent Input Noise Voltage — nV/VHz 


SUPPLY CURRENT 
vs 


FREE-AIR TEMPERATURE 


200 


oc. Supply Current — yA 
8 


-75 -50 -25 75 100 125 
Ta- Pe a -°C 


FIGURE 33 
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SR — Slew Rate — V/us 


SR — Slew Rate — V/s 


TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SLEW RATE SLEW RATE 
vs vs 
LOAD RESISTANCE LOAD RESISTANCE 


3 
> 
I 
2 
© 
cc 
Ei 
tT 
cc 
” 
Vcc += +15 V 
C_ = 100 pF Ci = 100 pF 
Ta = 25°C Ta = 25°C 
See Figure 1 See Figure 1 
1 10 100 
R,_ — Load Resistance — kQ R,_ — Load Resistance — kQ 
FIGURE 34 FIGURE 35 
SLEW RATE SLEW RATE 
VS VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
3 
> 
1 
£ 
cc 
3 
t 
cc 
” 
0 0 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
FIGURE 36 FIGURE 37 
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OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


sioiyduiy jeuoineisdg oe 


OVERSHOOT FACTOR TOTAL HARMONIC DISTORTION 
VS vs 
LOAD CAPACITANCE FREQUENCY 
0.5 
Vipp = +10 mV Voc += +15V Hi 
Rr = 10kQ 0.41 Avp = 1 
Ta = 25°C eT Vows) = 6V 
See Figure 1 6 Ta = 25°C 
. 5 03 
- ” 
2 ra) 
o £ Li 
: : 
” = a 
@® os 
2 
= 
b= 
0 50 100 150 200 250 100 1k 10 k 100 k 
C,_ — Load Capacitance — pF f — Frequency — Hz 
FIGURE 38 FIGURE 39 
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH 
VS Vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
1.1 1.3 
Vj = 10mvV 
Ry = 10 kQ 
z z 1.2 CL = 25 pF 
7 1.05 " See Figure 4 
s = 
3 3 
Ee S44 BSR ae - 
aie: 
m 1.0 3) 
£ £ 
: a fie aa 
LL CCEESHN 
= a 
1 0.95 | 
‘ Shoe 
0.9 0.8 
0 2 4 6 8 10 12 14 16 -75 -50 -25 75 125 
Voc +|- Supply Voltage - V Ta- fs ie -°C 
FIGURE 40 FIGURE 41 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


PHASE MARGIN PHASE MARGIN 
VS VS 
SUPPLY VOLTAGE LOAD CAPACITANCE 
Vj = 10mV 
Ry = 10 kQ 
Ta = 25°C 
$ $ See Figure 4 
o o 
o 5 
1 
£ £ 
> ag 
oO oC 
= = 
oD 3 
= = 
: ; 
E E 
s — 
ae 
0 2 4a 6 8 10 12 14 16 10 20 30 40 50 60 70 80 90 100 
Voc +|—- Supply Voltage - V C, — Load Capacitance — pF 
FIGURE 42 FIGURE 43 
PHASE MARGIN VOLTAGE-FOLLOWER 
vs SMALL-SIGNAL 
FREE-AIR TEMPERATURE PULSE RESPONSE 
@ > 
; ofboth PUAt eat | 
‘ Ey 
> Ss 
= 5 
pheetiekewad 
3 o 
a 1 
! 2 
€ Vj = 10mV 
Ry = 10 kQ 
C_ = 25pF 
See Figure 4 
-75 -50 -25 0 25 sO °6C7S5—CO1OOsCéMG 0 02 04 06 08 1.0 1.2 1.4 
Ta — Free-Air Temperature — °C t-— Time -s 
FIGURE 44 FIGURE 45 


NOTE 10: Values of phase margin below a load capacitance of 25 pF were estimated. 
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TLO31, TLO31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


74 , 

| 
? ee 

& 

SS .& 3 
2 3 é 
= 
2 » 2 
ro} 
5 
se 
> 0 2 4 6 S$. 30 12-145 16. 18 
Ee t- Time -,s t- Time -s 
= FIGURE 46 FIGURE 47 
® 
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TYPICAL APPLICATION DATA 


input characteristics 


The TLO31 and TLO31A are specified with a minimum and a maximum input voltage that, if exceeded at either 
input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLO31 and 
TLO31A are well-suited for low-level signal processing; however, leakage currents on printed circuit boards 
and sockets can easily exceed bias current requirements and cause degradation in system performance. It 
is a good practice to include guard rings around inputs (see Figure 48). These guards should be driven from 
a low-impedance source at the same voltage level as the common-mode input. 


Vi 
Vv 
fe) V 
Vo 
Vv 
Z ie a tah - 


(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER 
FIGURE 48. USE OF GUARD RINGS 
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TYPICAL APPLICATION DATA 


output characteristics 


All operating characteristics (except bandwidth and phase margin) are specified with 100-pF load 
Capacitance. The TLO31 and TLO31A will drive higher capacitive loads; however, as the load capacitance 
increases, the resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or even 
oscillation. The value of the load capacitance at which oscillation occurs varies with production lots. If an 
application appears to be sensitive to oscillation due to load capacitance, adding a small resistance in series 
with the load should alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if enough 
resistance is added in series with the output (see Figure 49). 


(a)C, = 100 pF,R = 0 (b) Cy = 300 pF,R = 0 (c) CL = 350 pF,R = 0 


Operational Amplifiers ie 


(d) C_ = 1000 pF,R = 0 (e) CL = 1000 pF,R = 500 (f) CL = 1000 pF,R = 2kQ 
FIGURE 49. EFFECT OF CAPACITIVE LOADS 


-15V 
CL 
(see Note A) 


NOTE A: C,_ includes fixture capacitance. 


FIGURE 50. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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TYPICAL APPLICATION DATA 


high-Q notch filter 


In general, Texas Instruments enhanced JFET operational amplifiers serve as excellent filters. The circuit in 
Figure 51 provides a narrow notch at a specific frequency. Notch filters are designed to eliminate frequencies 
that are interfering with the operation of an application. For this filter, the center frequency can be calculated 


as: 


~ 2nRICt 


With the resistors and capacitors shown in Figure 51, the center frequency is 1 kHz. Note that 
Ci = C3 = C2+2 and also that Ri = R3 = 2xR2. The center frequency can be modified by varying 
these values. When adjusting the center frequency, be sure that the operational amplifier still has sufficient 
gain at the frequency of interest. 


VOUT 


sisipyduy jeuonjeiodo ia 


110 pF 110 pF 


i 
That 
aie Zeas 


Gain — dB 


-8 
U2 OA BS. 08. 1.02 04 0.6 -G8..-2 
f — Frequency — kHz 


FIGURE 51. HIGH-Q NOTCH FILTER 
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TYPICAL APPLICATION DATA 


transimpedance amplifier 


The low-power precision TL031 allows accurate measurement of low currents. The high input impedance and 
low offset voltage of the TLO31A greatly simplify the design of a transimpedance amplifier. At room 
temperature, this design achieves ten-bit accuracy with an error of less than '/2 LSB. 


Assuming that R2 is much less than R1 and ignoring error terms, the output voltage can be expressed as: 


R 


Using the resistor values shown in the schematic, for a 1-nA input current, the output voltage equals — 0.1 V. 
If the Vo limit for the TLO31A is measured to be + 12 V, the maximum input current for these resistor values 
is +120 nA. Similarly, one LSB on a ten-bit scale corresponds to 12 mV of output voltage or 120 pA of input 
Current. 


The following equation shows the effect of input offset voltage and input bias current on the output voltage: 
R1i+R2 
R2 


lf the application requires input protection for the transimpedance amplifier, do not use standard PN diodes. 
Instead, use low-leakage Siliconix SN4117 JFETs (or equivalent) connected as diodes. across the TLO31A 
inputs as shown in Figuire 52. 


Vo = -[Vio + Retin + iB) 


As with all precision applications, special care must be taken to eliminate external sources of leakage and 
interference. Other precautions include using high-quality insulation, cleaning insulating surfaces to remove 
fluxes and other residue, and enclosing the application within a protective box. 


Operational Amplifiers ee 


RF 


INPUT 


CURRENT Vo 


B TLO31A 


SN4117 


FIGURE 52. TRANSIMPEDANCE AMPLIFIER 
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TYPICAL APPLICATION DATA 


4- to 20-mA current loops 


Often information from an analog sensor must be sent over a distance to the receiving circuitry. For many 
applications, the most feasible method involves converting voltage information to-a current before transmis- 
sion. The following circuits give two variations of low-power current loops. The circuit in Figure 53 requires 
three wires from the transmitting to receiving circuitry while the second variation in Figure 54 requires only two 
wires but includes an extra integrated circuit. Both circuits benefit from the high input impedance of the 
TLO31A since many inexpensive sensors do not have low output impedance. 


Assuming that the voltage at the noninverting input of the TLO31A is zero, the following equation determines 
the output current: 


R3 
R2xRs 


The circuits presently provide 4-to 20-mA output for an input voltage of 0 to 100 mV. By modifying R1, R2, 
and R3, the input voltage range or the output current range can be adjusted. 


lo = Vi = 0.16 x Vin +4mA 


R1xRs 


Including the offset voltage of the operational amplifier in the above equation clearly illustrates why the low 
offset TLO31A was chosen: 


R3 
R2xRs 


R3 R3 R1 
+ + — 


OlA1 x Rg R2xRs Rs 


lo = VIN +5V = 0.16 x Vin, +4 MA-0.17x Vio 


R1xRs 


For example, an offset voltage of 1 mV decreases the output current by 0.17 mA.. 


sislyduiy jeuoijeiodg = 


Thanks to the low power consumption of the TLO31A, both circuits have at least 2 mA available to drive the 
actual sensor from the 5-V reference node. 


¢— Voc. = 10V 


+5V Ref 
(4) | 
a (, ong904 
R4 
80 ka 


oe ee eee 


SIGNAL 
COMMON 


FIGURE 53. 2-WIRE 4- TO 20-mA CURRENT LOOP 
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TYPICAL APPLICATION DATA 


¢——— Vec+ = 10V 


¢———_ Vege = -5V 


lo 
np 


FIGURE 54. 3-WIRE 4- TO 20-mA CURRENT LOOP 
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| | — TL032, TLO32A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 


D3152, JULY 1988 —- REVISED JANUARY 1989 


@ Maximum Offset Voltage ... 800 nV @ Very Low Power Consumption ... 13 mW Typ 


@ High Slew Rate ... 2.9 V/us Typ @ Output Short-Circuit Protection 


@ Low Input Bias Current ... 2pA Typ 


D, JG, or P PACKAGE FK PACKAGE L PACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) 


Voo# 


Pin 4 (L Package) is in electrical 
contact with the case 


NC — No internal connection 


description 


The TLO32 and TLO32A dual operational amplifiers incorporate well-matched, high-voltage JFET and bipolar 
transistors in a monolithic integrated circuit. These devices offer the significant advantages of Texas 
Instruments new enhanced JFET process. This process affords not only low initial offset voltage due to the 
on-chip zener trim capability but also stable offset voltage over time and temperature. In comparison, 
traditional JFET processes are plagued by significant offset voltage drift. 


Operational Amplifiers B)® 


This new enhanced process still maintains the traditional JFET advantages of fast slew rates and low input 
bias and offset currents. These advantages coupled with low power consumption make the TL032 well-suited 
for new state-of-the-art designs as well as existing design upgrades. The TLO32 has been designed to be 


DISTRIBUTION OF TLO32A 
INPUT OFFSET VOLTAGE 
15 


1321 Amplifiers tested from 1 wafer lot 
Vec+ = +15V 

121 Ta = 25°C 
P Package 


AVAILABLE OPTIONS 


T Vio Max} SMALL- CHIP CERAMIC METAL PLASTIC 
A |AT 25°C OUTLINE CARRIER DIP CAN DIP 


Percentage of Amplifiers — % 


(D) (FK) (JG) (L) (P) 
orc TLO32ACD — TLO32ACJG TLO32ACL TLO32ACP 
70°C TLO320C=D  —  TLO32CJG  TLO32CL TLO32CP 

- 40°C TLO32AID — TLO32AWUG  TLO32AIL TLO32AIP 
85°C TLO32ID —  _ TLO32NG_ =~ TLO32IL_-TLO32IP 


= 38°C TLO32AMD TLO32AMFK TLO32AMJG TLO32AML TLO32AMP 
125°C TLO32MD TLO32MFK TLO32MJG  TLO32ML TLO32MP 


D packages are available taped-and-reeled. Add "R" suffix to device type when out 
ordering (e.g., TLO32CDR). -900 -600 -300 0 300 600 900 
Vio — Input Offset Voltage — pV 
PRODUCTION DATA documents contain information Copyright © 1988, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 2-219 
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ENHANCED JFET LOW-POWER LOW-OFFSET 
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description (continued) 


functionally compatible and pin compatible with the TLO62. Two offset voltage grades are available: 
TLO32 (1.5 mV max) and TLO32A (800 pV max). 


A variety of available packaging options includes small-outline and chip carrier versions for high density 
system applications. 


The M-suffix devices are characterized for operation over the full military temperature range of — 55°C to 
125°C. The I-suffix devices are characterized for operation from — 40°C to 85°C. The C-suffix devices are 
characterized for operation from 0°C to 70°C. 


equivalent schematic (each amplifier) 
Voc + 


sioipyduiy jeuoijes0dg 


symbol (each amplifier) 


IN - 
OUT 
IN + 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc... (866 NOW 196) ry 6. ctinngignOo Teeter AG Oe es 18V 
SUrrry NS DOU IIE ad kp ex gs en es RA AO ne oA 4g see ea ep os -18V 
TPP r Ub Var, ee RPO a tesa E ais bo ake BNO Ay a vo Oued aD EN WEN +30 V 
Input voltage range, .V) (any input, see Notes 1 and 3).......... ccc ee ete ewes $4545 
SURE UEAONINTL, JEONG SOT Sag saa x bias cace ple RCO RAA CSV Bis fo. civ hp Mak woe a ok eae ee MRR Ree +1mA 
CICA te Ay AOI OUNE a eo Sci ake orn ta ena seltelh os a Me AME we ds wk we esa +40 mA 
OTC CURE Ite Min” TOTP 6 sss seg ec ete ab. LORRY Ais 80 texte dG onda 9 os late 160 mA 
AADC NE SE ee RTI aa fins one a a aa KG) s web ec cee a ee ee ee 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) .... 0.0... eee eee ee unlimited 
CIGD ee EIT os es WS ask as cae a ee tk dls Re os ER See Dissipation Rating Table 2 
Operating free-air temperature, Ta: M-suffix 2.0.0... 0... cee eee eee — 55°C to 125°C 
OUT SERIES BRS a ert Par Par a Stet Sse chen Ser Ae Bh ey — 40°C to 85°C 
Reta aes SOPOT bee Nee ane eee 0°C to 70°C 
TE NT 9 21” Rag nC REM BCP oP cot ACRE RU ER MCS co — 65°C to 150°C 
Saee terete tere seConce: Fi ROCKROR si a Bh ks ho ene ooo + deopn seas 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package................ 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc , and Voc _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
4. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 
maximum dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


” 
tua 
® 
i 
a 
& 
= § 
rs 
& 
2 
~ 
ae) 
Bass 
® 
2. 
© 


Ta < 25°C DERATING FACTOR = Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 
725 mW 5.8 mW/°C 
1375 mW 11.0 mw/°C 
1050 mW 8.4 mW/°C 
825 mW 6.6 mW/°C 
1000 mw 8.0 mW/°C 


Supply votlage, Voc 


PACKAGE 


Voc+=t5V 


Voc+ = +15V 


Common-mode input voltage, Vic 


Operating free-air temperature, Ta 
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electrical characteristics 


PARAMETER TEST CONDITIONS 


‘i 7 1 
scan, ee) eae a 057 15 
Faas [8 | 
co. 
Full range eae 


25°C to 
TLO32M 

25°C to 
TLO32AM 


Vect+ = $15V 
MIN TYP MAX 


Veoc+ = +t5V 


MIN TYP MAX 


Vio Input offset voltage 


Temperature coefficient 


o 
VIO of input offset voltage 


unV/°C 


2 


Input offset voltage 
long-term drift (see Note 5) 


ail 
oO 


ee 

re at 125°C 
V = 0, V = 0, ° 

input bias current ey ane 2 

ee ase? 1AC 


lio Input offset current 


o 
oO 


=! w/o 
oO}; oO ©} © 


iB 


Common-mode input 
voltage range 


UNIT 
: a 2 
Maximum positive peak ? 
output voltage swing 


VICR 


sisiyduy jeuoijei0dg 


Maximum negative peak 


Vom — 
OM output voltage swing 


Large-signal differential 


A 
VD voltage amplification 
[as Wapatreeistonee = fe 
a) weep le 
Vic = VICR Min, 2 
CMRR Common-mode eee 


rejection ratio Rs = 502 


Supply-voltage Voc + 
Me = 0, 


KsypR __ rejection ratio 


(AVcc +/ AVio) meres ae 

Total power dissipation sige = Ww 

(two amplifiers) = : 
Nba 25° 


Supply current 
(two amplifiers) 


V 500 560 
a 125°C 
2 


i 
fe?) 
oO 


—_ 
pe) 
oO 


tT Full range is — 55°C to 125°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. AtVoo+ = t5V, VO = £2.3V; atVoo+ = t15V, Vo = £10V. 
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operating characteristics 


Cane OT STE, 
PARAMETER TEST CONDITIONS ae = Pee UNIT 


SRE a Gi Eaameae Sa ae 


Positive slew rate 


at unity gain ie eten 12. 19 Vis 
CL = 100F, jasc | | 288 
wes ah SS eR SB 
Negative slew rate 9 3.9 S264 
See Not 7 CS 9 abs a er Ce 


at unity gain 


tr Rise time 


Vipp = +10 mV, 


RL = 10kQ, 
ty Fall time OL & 100pF, 


See Figures 1 and 2 


125°C 
125°C 
f=10H ee es a ea 
0 Hz 25°C 9 49 


Overshoot factor 


TLO32M 


TLO32AM 


Equivaient 
Vn input 
noise voltage 


Rg = 100Q, 
See Figure 3 


Bi 


Unity-gain bandwidth 


Vj = 10 mV, RL = 10 kQ, 
Cy = 25pF, See Figure 4 


Phase margin 


” at unity gain 


NOTE 7: ForVoo+ = +5V, Vipp = +1V;forVoo+ = +15V, Vipp = +5 V. 
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TLO321, TLO32Al 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics 


Vaeie tev Veen = ESV 
PARAMETER TEST CONDITIONS Tat cet UNIT 
MIN TYP MAX | MIN TYP MAX 


oe XH 057 18 
ae 


PGE rar vee 
TLO32Al 
Fal an ae 


Temperature coefficient 
avIO of input offset voltage 
(see Note 8) 


TLO321 capa 
85°C 
ae C to HES 
TLOS2AI 


Input offset voltage 
long-term drift (see Note 5) 


Input offset current eo Vic = 
sa Figure 5 0. j 0.45 0. : 0.45 
= 0,Vic = He 7s SOMERS oe Ree SL 


Soo Figure iC a oe 8 03 09 


Common-mode input 


V 
ICR voltage range 


Maximum positive peak 


V 
OM + output voltage swing 


[5c | -3 -42 [= 128 -198 


Maximum negative peak 


Yom - . R=: 10k9 =a | =3 = 44 [= 126 1938 
Vee Te ee ee 
aS Bec eo ee ee 
Large-signal differential R_ = 10 kQ, Ls 25°C 
A isis FN ORE RE ORE aes ea Seas 
VD voltage amplification See Note 6 TOP i Vim 


i nein oS ee ee ee a 
2 eR, ee ea BT” 5 RY Tete 
‘orto ee ee ee | 


CMRR CORO ae 
rejection ratio 


Supply-voltage 
KsypR _ rejection ratio 
(AVcc +/ AVio) 


Total power dissipation 


P 
D (two amplifiers) 


384 500 434 560 
Supply current No load, 
= 288 500 362 560 pA 
(two amplifiers) Vo = 0 
372 500 414 560 
VorWee Crosstalk attenuation | Ayp = 100 ee ee ee pees 


tT Full range is —40°C to 85°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tq = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. AtVoc+ = t5V, Vo = +2.3V; atVoc+ = +15V,Vo = +10V. 
8. This parameter is tested on a sample basis for the TLO32A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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operating characteristics 


Voc+=t5V Vec+ = $15V 
PARAMETER TEST CONDITIONS Ta MIN. TYP MAX MIN TYP MAX UNIT 


3 a Se. a 
Positive slew rate | 25°C | 


veo RL = 10k, 152 Vis 
9 CL = 100 pF 
| See Figure 1, 35 5. 
Negative slew rate 
See Note 7 3248 Vis 


at unity gain 


132 

Vipp = +10mv, 
Rp = 10kQ, 2 138 132 

ty Fall time C_ = 100 pF, 
See Figures 1 and 2 


tr Rise time 


2 


Overshoot factor 


TLO32I | Re = 1000, 


See Figure 3 
TLO32AI 


Equivalent 
input 

noise voltage 
(see ce 9) 


n 


B1 Unity-gain bandwidth 


Operational Amplifiers 


Phase margin 


mat unity gain 


NOTES: 7. ForVoc+ = +5V, Vipp = +1V;forVoc+ = +15V, Vipp = +5 V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 
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electrical characteristics 
Vec+ = t5V Vec+ = +15V 
PARAMETER TEST CONDITIONS Tat Vege = 25V | 
sen | ee eg ee 087 15 
Oe ee 
Vi dangas| 20e. |. SSUES ies | Bee NS 
came | ee a 


2 ° 
TLO32C shirts 10.8 
70°C 
25°C to aiid 
(see Note 8) TLO32AC 
70°C 
SeeC weed ee 


Input offset voltage 
long-term drift (see Note 5) 
Eoie 20 ee a 
Input offset current IC 100 100 
se Figure 5 ee 


= 0,V 0, 25° 
Input bias current IC = 


Soo Faure 


-11.5 - o ; 

to to 

Common-mode input ; 15.4 
voltage range 


Vio Input offset voltage 


Temperature coefficient 
avIO of input offset voltage 


2 


VICR 


Full range 


10 ko v 
10 ka v 
vimy 
ee eas 
ORL a ae a om os wk ME 
oo meee sf ae ee ee Te 


Vic = Vicr min, ~ BD Be 


Vo = 0, 
BE ae Ge. Se ae SE ee 


Rs = 502 


Maximum positive peak 
output voltage swing 


VOM + RL 


SIDI duwy esata 


Maximum negative peak 


Re 
output voltage swing 


Vom - 


Large-signal differential 
voltage amplification 


Ry = 10 kQ, 


AVD See Note 6 


CMRR lag sci 
rejection ratio 


Suppl voage Voos = F8VWETSV,| 250 | 75 96 —~| S 

KSVR__ ejection ratio Vo = 0 a 
(¥oo +! 8Vi0) As = 50.0 eS 

Total power dissipation No load SO Aad aE 5 OS a 

12.7 

(two amplifiers) Vo = 0 

See Ne loss a 

loc pei + ee ee ae eS a a ee 

oo a ee Se 
VailVap Grosstak atenvation | Ayo = 100 


tT Full range is 0°C to 70°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. AtVoc¢+ = t5V, Vo = +2.3Vi atVoc+ = £15 V, VO = +10V. 
8. This parameter is tested on a sample basis for the TLO32A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 


aes TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 + DALLAS, TEXAS 75265 


TL032¢, TLO32AC 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 


operating characteristics 


Positive slew rate 


: Ry = 10 kQ, 
at unity gain 


Cy = 100pF, 


See Figure 1, 
Negative slew rate 


R- See Note 7 
at unity gain 


Vipp = +10 mV, 
R~ = 10 kQ, 
See Figures 1 and 2 


2 


Overshoot factor 


Equivalent 
input bseaphe Rs = 100Q, 


noise voltage See Figure 3 
TLO32AC 
(nee Note ») 


B1 Unity-gain bandwidth 


Operational Amplifiers 


Phase margin i = » RE = 10 kQ, 


m at unity gain = , See Figure 4 


NOTES: 7. ForVoc+ = +5V, Vipp = +1V;forVoc+ = +15V, Vipp = +5 V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 


PARAMETER MEASUREMENT INFORMATION 


Vo OVERSHOOT{ 
Vi a 
Voc - | 
CL Ri ! 
(see Note A) : 
| 
| 
= 10% f 
| 
NOTE A: Cy includes fixture capacitance. + ty — RISE TIME 
FIGURE 1. SLEW RATE, RISE/FALL TIME, FIGURE 2. RISE TIME AND OVERSHOOT 
AND OVERSHOOT TEST CIRCUIT WAVEFORM 
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PARAMETER MEASUREMENT INFORMATION 


Vcc - 
CL 


(see 
Note A) 


NOTE A: Cy, includes fixture capacitance. 


FIGURE 3. NOISE VOLTAGE TEST CIRCUIT FIGURE 4. UNITY-GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 


GROUND SHIELD _ VCC + 


FIGURE 5. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 
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typical values 


Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 


input bias and offset current 


At the picoamp bias current level typical of the TLO32 and TLO32A, accurate measurement of the bias current 
becomes difficult. Not only does this measurement require a picoammeter, but test socket leakages can easily 
exceed the actual device bias currents. To accurately measure these small currents Texas Instruments uses 
a two step process. The socket leakage is measured using picoammeters with bias voltages applied but with 
no device in the socket. The device is then inserted into the socket and a second test that measures both 
the socket leakage and the device input bias current is performed. The two measurements are then subtracted 
algebraically to determine the bias current of the device. 


noise 


Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 KHz. Texas Instruments also has additional noise testing capability to meet 
specific application requirements. Please contact the factory for details. 
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TYPICAL CHARACTERISTICS 


table of graphs 


FIGURE 
Vio Input offset voltage Distribution 
Temperature coefficient 
of input offset voltage 


input offset current Bee Gc RU Cae a 
9 


; vs Vic 
Input bias current 
vs Temperature 


vs Voc 
vs Temperature 


vs Output voltage 


Vcc 
vs Output current 
vs Frequency 
Temperature 
RL 
vs Frequency 
Temperature 
Frequency 


Distribution 


Input voltage range 


Differential input voltage 


Maximum peak output 


V 
OM voltage swing 


Differential voltage amplification 


Zo Output impedance 


vs Frequenc 
CMRR Common-mode rejection ratio q y 
Temperature 
ksyR . Supply-voltage rejection ratio Temperature 


Voc 


Time 
Temperature 


Vcc 
Temperature 


loc Supply current 
ae: 
SR Slew rate . L 
Temperature 
Vn 
H 


Overshoot factor 
, Ss 
5 


. . ¥ Voc ~ 
ty- h 
ai Gadion Pascal 


42 
Phase margin 43 


44 


Phase shit 


Pulse response Small-signal 45 
é Large-signal 46, 47 


los Short-circuit output current 
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ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


DISTRIBUTION OF TLO32 
DISTRIBUTION OF TLO32 INPUT OFFSET VOLTAGE 
INPUT OFFSET VOLTAGE TEMPERATURE COEFFICIENT 


1681 Amplifiers tested from 1 wafer lot 160 Amplifiers tested from 2 wafer lots 


Voc + =+15V Voc+ = +15V 
Ta = 25°C Ta = 25°C to 125°C 
- P Package : 
g 2 
2 : 
é e 
“| “1 
.. | : 
ae £ 
ee: : 
a a a 
2) 
= | 
2. 
> 0 a 
-1.2 - 0.6 0 0.6 1.2 -40 -30 -20 -10 0 10 20 30 40 
z Vio — Input Offset Voltage - mV ayiO — Temperature Coefficient - ,.V/°C 
= FIGURE 6 FIGURE 7 
@ 
PP; INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs vs 
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE 


Vec+ = +15V Voc + = +15V 


ip and lig — Current —- nA 
lip — Input Bias Current — nA 


0 
25 45 65 85 105 125 —15 -10 -5 0 5 10 15 
Ta — Free-Air Temperature — °C Vic - Common-Mode Input Voltage — V 
FIGURE 8 FIGURE 9 
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TYPICAL CHARACTERISTICS 


COMMON-MODE COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS INPUT VOLTAGE RANGE LIMITS 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vic — Common-Mode Input Voltage — V 
Vic — Common-Mode Input Voltage — V 


0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75. 100 « 425 
Vcc +|- Supply Voltage - V Ta — Free-Air Temperature — °C 
FIGURE 10 FIGURE 11 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 
Vs VS 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


0.5 


- 0.5 


Vip — Differential Input Voltage — .V 
oO 
Vip — Differential Input Voltage — .V 


-1.5 
-5 -4 -3 -2 -1 0 1 ea 


Vo — Output Voltage - V Vo — Output Voltage — V 
FIGURE 12 FIGURE 13 
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Vom — Maximum Peak Output Voltage — V 


|Vom|— Maximum Peak Output Voltage — V 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


30 


25 


15 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


0 2 4 6 8 10 12 14 16 1k 
Vcc +|- Supply Voltage - V 
FIGURE 14 


MAXIMUM PEAK OUTPUT VOLTAGE 
VS 
OUTPUT CURRENT 


Veoci=25V 


|Vom|—- Maximum Peak Output Voltage — V 


0 5 10 15 20 0 
|Io|- Output Current - mA 
FIGURE 16 
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Ry = 10kQ 
Voc + = £15 v\ i 
MT 
N 


NY 


PT TINS sll 
is a... 


VS 
FREQUENCY 


eo 


= 125°C 


10k 100 k 1M 
f — Frequency — Hz 


FIGURE 15 


MAXIMUM PEAK OUTPUT VOLTAGE 
VS 
OUTPUT CURRENT 


5 10 15 20 25 30 
|Io|- Output Current - mA 


FIGURE 17 
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Vom — Maximum Peak Output Voltage — V 


Ayp — Differential Voltage Amplification — V/mV 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE 
VS 
FREE-AIR TEMPERATURE 


iG] ee 


Voc + = +5V 


-5 0 23 50 7 
Ta — Free-Air Temperature — °C 


FIGURE 18 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 


VS 
LOAD RESISTANCE 


TZ 
a 
I 


Naval 


Voc + = +5V il 


| 

YZ | 
A 
LE LCL) 


10k 
R,_ — Load Resistance — 2 


FIGURE 20 


100 k 1M 


Vom — Maximum Peak Output Voltage — V 


Ayp — Differential Voltage Amplification 


MAXIMUM PEAK OUTPUT VOLTAGE 


-12 


— 16 
-75 -50 


LARGE- 


vs 
FREE-AIR TEMPERATURE 


Voc + = £15V 


Ry = 10 kQ 


-25 0 2 50 75 
Ta — Free-Air Temperature — °C 


FIGURE 19 


100 125 


SIGNAL DIFFERENTIAL VOLTAGE 


AMPLIFICATION AND PHASE SHIFT 


| 
10 100 1k 
f — Frequency — Hz 


FIGURE 21 


VS 
FREQUENCY 


Vcc + = +t15V 
Ry = 10kQ 
CL = 25 pF 
Ta = 25°C 


Phase Shift 


10k 100k 1M 
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TYPICAL CHARACTERISTICS 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 


VS 
FREE-AIR TEMPERATURE 


Ayp — Differential Voltage Amplification — V/mV 


1 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 22 
COMMON-MODE REJECTION RATIO 


VS 
FREQUENCY 


CMRR — Common-Mode Rejection Ratio — dB 


0 
10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz 


FIGURE 24 


Zo — Output Impedance — © 


CMRR — Common-Mode Rejection Ratio —- dB 


OUTPUT IMPEDANCE 
VS 
FREQUENCY 


Uy 
armenian 
IE | LAI 


osetia oe += 1t15V 
fg (Open loop) = 250 Q 
Ta = 25°C 


f — Frequency — Hz 


FIGURE 23 


COMMON-MODE REJECTION RATIO 


vs 
FREQUENCY 


10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz 


FIGURE 25 
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CMRR — Common-Mode Rejection Ratio — dB 


los — Short-Circuit Output Current - mA 


TLO32, TLO32A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vec + = +5V to +15V 


KsypR — Supply-Voltage Rejection Ratio - dB 
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90 
-75 =50 -2 0 28 50 75 100 125 =75 -50 -25 0 2 .50 «75 100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
FIGURE 26 FIGURE 27 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
Vs vs 
SUPPLY VOLTAGE TIME 


10 


- 20 


- 30 


30 


-10/-——_— 


Voc + = +15V 
Ta = 25°C 
— 20 
0 5 10 1 


Pw BR 


oo 


10 


Vip = - 100 ot ta 


2 


los — Short-Circuit Output Current -mA 


16 5 20 25 30 
Voc +|- Supply Voltage - V t - Time - Seconds 
FIGURE 28 FIGURE 29 
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TYPICAL CHARACTERISTICS 


SHORT-CIRCUIT OUTPUT CURRENT EQUIVALENT INPUT NOISE VOLTAGE 
VS VS 
FREE-AIR TEMPERATURE FREQUENCY 


Voc+ = +15V 
Rs = 1002 
Ta = 25°C 

See Figure 3 


los — Short-Circuit Output Current — mA 


Vn — Equivalent Input Noise Voltage — nV/ VHz 
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-75 -50 -25 0 25 . 50-75 100 125 10 100 100 k 
Ta — Free-Air Temperature - °C he aa rg 
FIGURE 30 FIGURE 31 
SUPPLY CURRENT SUPPLY CURRENT 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


‘ aba 
p= pon 
* au 
= = 

o ® 300 
5 pS Laer E 
ae Peartire 
= = 
a a 

g. $ 200 
a a 
3) o 
2 L 

100 

Vo = 0 
No Load i No Load 
10 12 14 16 -75 -50 -—25 75 100 128 
os a BB Voltage - V Ta- ats rel atm -°C 
FIGURE 32 FIGURE 33 
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SR — Slew Rate — V/s 


SR — Slew Rate — V/us 


TYPICAL CHARACTERISTICS 


SLEW RATE SLEW RATE 
VS VS 
LOAD RESISTANCE LOAD RESISTANCE 


Operationa! Amplifiers = 


3 
> 
| 
2 
© 
E 
cc 
” 
Voc+ = +15V 
Cy = 100 pF C_ = 100 pF 
Ta = 25°C Ta = 25°C 
See Figure 1 See Figure 1 
1 10 100 1 10 100 
R,_ — Load Resistance — kQ R,_ — Load Resistance — kQ 
FIGURE 34 FIGURE 35 
SLEW RATE SLEW RATE 
Vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
n 
Sy 
> 
2£ 
c 
& 
77 
co 
” 
C. = 100 pF 
See Figure 1 
0 0 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
FIGURE 36 FIGURE 37 
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TYPICAL CHARACTERISTICS 


OVERSHOOT FACTOR TOTAL HARMONIC DISTORTION 
vs vs 
LOAD CAPACITANCE FREQUENCY 
3 el as 6V 
See Figure 1 ox. 
e = 
. : 
h n 
2 ra} 
o 
: 3 
> 3 E 
> a § 
3 = 3 
= _ 
ee 2 
oo. ! 
° ¢ 
ee = 
2. 
4 0 50 100 150 200 250 "100 1k 10k 100 k 
a C,_ — Load Capacitance — pF f — Frequency — Hz 
= FIGURE 38 FIGURE 39 
@ 
w UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH 
VS Vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
1.1 
Vj = 10 mV 
Rr = 10 kQ 
z 2 Ci = 25pF 
+ 1.05 . See Figure 4 
£ £ | 
BR AY 
2 > 
as] =] 
5 & 
o 1.0 is) 
& £ 
oO o 
S) S) 
= = 
c c 
> > 
1 0.95 i 
o o 
0.9 
0 2 4 6 8 08 SI2 mM. 16 =75 =50 =25 §0 25 ‘S50 “75 -100 125 
Voc +| — Supply Voltage — V Ta — Free-Air Temperature — °C 
FIGURE 40 FIGURE 41 
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TYPICAL CHARACTERISTICS 


PHASE MARGIN 


VS 
SUPPLY VOLTAGE 
” 
: 
o 
5 
= 
- 
is") 
= 
ra 
= 
a 
1 Vj = 10mV 
€ Rp = 10kQ 
Cy = 25 pF 
Ta = 25°C 
See Figure 4 
0 2 a 6 8 10 12 14 16 
Voc +|- Supply Voltage - V 
FIGURE 42 
PHASE MARGIN 
VS 
FREE-AIR TEMPERATURE 
1) 
: 
Loy) 
3 
l 
A 
cy 
oO 
2 
® 
% 
a 
| ' 
€ Vj= 10 mV 


Ry = 10 kQ 
Ci = 25 pF 
See Figure 4 


-75 -50 -25 0 os. # — 75 wo 125 


PHASE MARGIN 
VS 
LOAD CAPACITANCE 


?m — Phase Margin — degrees 


0 
0 10 20 30 40 50 60 70 80 90 100 
C,_ —- Load Capacitance — pF 


FIGURE 43 
VOLTAGE-FOLLOWER 


SMALL-SIGNAL 
PULSE RESPONSE 


Operational Amplifiers bb 


Rp = 10kQ 
CL = 100 pF 
Ta =. 25°C 

See Figure 1 


fee A aesab 
co: buat bn f pooh babel 


Vo — Output Voltage — mV 


cenit ae 
She PeaRe ee 
ve 
Ree 


S 02-04 06 06 10°42 TA 


Ta — Free-Air Temperature — °C t- Time — ys 
FIGURE 44 FIGURE 45 
NOTE 10: Values of phase margin below a load capacitance of 25 pF were estimated. 
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TYPICAL CHARACTERISTICS 


VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


> > 

I | 

® ® 

D D 

Ss Bs 

i) ) 

> > 

3 S 

2. 2. 

S 5 

ie) ie) 

| | 

Oo (e) 

> > 

GO: Bi 4 ee 38. a a oe 8 

t-— Time —-us t-— Time — us 
FIGURE 46 FIGURE 47 


TYPICAL APPLICATION DATA 


input characteristics 


The TLO32 and TLO32A are specified with a minimum and a maximum input voltage that, if exceeded at either 
input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLO32 and 
TLO32A are well-suited for low-level signal processing; however, leakage currents on printed circuit boards 
and sockets can easily exceed bias current requirements and cause degradation in system performance. It 
is a good practice to include guard rings around inputs (See Figure 48). These guards should be driven from 
a low-impedance source at the same voltage level as the common-mode input. 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


Vi 


Vo 
VI 


Vo 


Vv 
= Vv) oO 


(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER 
FIGURE 48. USE OF GUARD RINGS 
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TYPICAL APPLICATION DATA 


output characteristics 


All operating characteristics (except bandwidth and phase margin) are specified with 100 pF load capacitance. 
The TLO32 and TLO32A will drive higher capacitive loads; however, as the load capacitance increases, the 
resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation. The 
value of the load capacitance at which oscillation occurs varies with production lots. If an application appears 
to be sensitive to oscillation due to load capacitance, adding a small resistance in series with the load should 
alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if enough resistance is added 
in series with the output (see Figure 49). 


(a) Cy = 100pF,R = 0 (b) CL = 300pF,R = 0 (c) CL = 350pF,R = 0 


Operational Amplifiers ee 


(d) C_ = 1000 pF,R = 0 (e) C, = 1000 pF,R = 502 (f) C_ = 1000 pF,R = 2kQ 
FIGURE 49. EFFECT OF CAPACITIVE LOADS 


CL 
(see Note A) 


NOTE A: C_ includes fixture capacitance. = 


FIGURE 50. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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TYPICAL APPLICATION DATA 


high-Q notch filter 


sidiyduy jeuoiesedgG Re 


In general, Texas Instruments enhanced JFET operational amplifiers serve as excellent filters. This circuit 
provides a narrow notch at a specific frequency. Notch filters are designed to eliminate frequencies that are 
interfering with the operation of an application. For this filter, the center frequency can be calculated as: 


{ 
 2nRI1C1 


With the resistors and capacitors shown below, the center frequency is 1 KHz. Note thatC1 = C3=C2 +2 
and also that R1 = R3 = 2xR2. The center frequency can be modified by varying these values. When 


adjusting the center frequency, be sure that the operational amplifier still has sufficient gain at the frequency 
of interest. 


f 


110 pF 110 pF 


Gain — dB 


02 DA O68 ,08 1. G2 GA 06-08. .2 
f — Frequency — kHz 


FIGURE 51. HIGH-Q NOTCH FILTER 
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TYPICAL APPLICATION DATA 


2-wire 4- to 20-mA current loop 


Often information from an analog sensor must be sent over a distance to the receiving circuitry. For many 
applications, the most feasible method involves converting voltage information to a current before 
transmission. The following circuit benefits from the high input impedance of the TLO32A since many 
inexpensive sensors do not have low output impedance. 


Assuming that the voltage at the TL032A’s non-inverting input is zero, the following equation determines the 
output current: 


R3 
R1xRs R2xRs 


The current presently provides 4 to 20 mA output for an input voltage of 0 to 100 mV. By modifying R1, R2, 
and R3, the input voltage range or the output current range can be adjusted. 


lo = VIN = 0.16 x Vin+4mA 


Including the offset voltage of the operational amplifier in the above equation clearly illustrates why the low 
offset TLO32A was chosen: 

lo = VIN RS RS - RS + RS Pas.) = 0.16 x Vin + 4MmA-0.17 x Vip 
R1xRs R2xRs RixRsg R2xRs Rs 


For example, an offset voltage of 1 mV decreases the output current by 0.17 mA. 


Thanks to the low-power consumption of the TL032A, this circuit has at least 2 mA available to drive the actual 
sensor from the 5-V reference node. 


¢— Voc + = 10V 


Operational Amplifiers ey 


+5 V Ref 


VIN 


SIGNAL 
COMMON 


FIGURE 52. 2-WIRE 4- TO 20-mA CURRENT LOOP 
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TYPICAL APPLICATION DATA 


low-level light detector preamplifier 


Applications that need to detect small currents require high input impedance operational amplifiers; otherwise, 
the bias currents of the operational amplifier camouflage the current being monitored. Phototransistors 
provide a current that is proportional to the light reaching the transistor. The TLO32 allows even the small 
currents resulting from low-level light to be detected. 


In this circuit, if there is no light, the phototransistor is off and the output is high. As light is detected, the 
operational amplifier output begins pulling low. Adjusting R4! both compensates for offset voltage of the 
amplifier and adjusts the point of light detection by the amplifier. 


+15V 


sidipyduiy jeuoiesodgC Ne 


-15V 
FIGURE 53. LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER . 
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TLO34, TLO34A 
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D3153, JULY 1988 ~- REVISED JANUARY 1989 


@ Maximum Offset Voltage ... 1.5mV D, J, or N PACKAGE 

@ High Slew Rate ... 2.9 V/us Typ Nia doa 

@ Low Input Bias Current ... 2 pA Typ tout I]1 Ural] 4 our 

@ Very Low Power Consumption ... 26 mW Typ 

@ Output Short-Circuit Protection 

@ Monolithic Construction 

description , 

The TLO34 and TLO34A quadruple operational FK PACKAGE 2 
amplifiers incorporate well-matched, high-voltage (TOP VIEW) 


JFET and bipolar transistors in a monolithic 
integrated circuit. These devices offer the 
significant advantages of Texas Instruments new 
enhanced JFET process. This process affords 
not only low initial offset voltage due to the on- 
chip zener trim capability but also stable offset 
voltage over time and temperature. In 
comparison, traditional JFET processes are 
plagued by significant offset voltage drift. 


This new enhanced process still maintains the LRA ENE 
traditional JFET advantages of fast slew rates A595 
and low input bias and offset currents. These ea e 


advantages, coupled with low power consump- 

tion, make the TL034 well-suited for new state- NC — No internal connection 
of-the-art designs as well as existing design 

upgrades. The TL034 has been designed to be 

functionally compatible and pin compatible with 

the TLO64. 


Two offset voltage grades are available: 
TLO34 (4 mV max) and TLO34A (1.5 mV max). 


” 
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DISTRIBUTION OF TLO34A 


A variety of available packaging options includes INPUT OFFSET VOLTAGE 
small-outline and chip carrier versions for high 


density system applications. 


12 
1716 Amplifiers tested from 3 wafer lots 


Veco + = +15V 
AVAILABLE OPTIONS 32 Ta = 25°C 
a or Package 
Ta Vio max!) sMALL- | CHIP CERAMIC PLASTIC = 
AT 25°C| OUTLINE CARRIER DIP DIP a 
(2) (FK) GW) (N) 3 
: 
70°C TLO34CD TLO34CJ — TLO34CN 2 
a TLO34AID ——  TLO34AlJ TLOS4AIN 5 
85°C TLO34ID — _ TLO34N —_—CTLO34IN 5 3 
“29° TLO34AMD TLO34AMFK TLOS4AMJ TLO34AMN ~ 
125°C TLO34MD TLOS4MFK TLO34MJ TLO34MN 
D packages are available taped-and-reeled. Add "R" suffix to device 0 
type (e.g., TLO34CDR). -18 -12 -0.6 0 0.6 iz 1.8 


Vio — Input Offset Voltage —- mV 


PRODUCTION DATA documents contain information 
current as of ye ge date. Products conform to 


these specifications per the terms of Texas TEXAS ¥% 


Instruments standard ston! Production 
u 


processing does not necessarily include testing of all IN STRUMENTS 2-245 


parameters. POST OFFICE BOX 655012 » DALLAS, TEXAS 75265 


Copyright © 1988, Texas Instruments Incorporated 


TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


description (continued) 


The M-suffix devices are characterized for operation over the full military temperature range of — 55°C to 
125°C. The I-suffix devices are characterized for operation from — 40°C to 85°C. The C-suffix devices are 
characterized for operation from 0°C to 70°C. 


equivalent schematic (each amplifier) 


siaipyjduiy jeuoijeiodgo = 


symbol (each amplifier) 


IN - 
OUT 
IN + 
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TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


pupmy Vonage errs 4. (S60 NO Ap. a ae... |. Sapeegeleprans Wakes eb ee oo > oeReA Am + «2 18 V 
Son neg, Peet Se PHN We tect ts oe ce as she ee ike ta lie gy sds ne was ogee -18V 
Li PUR PL VOT II (G00 TWO1G ie) ic ec Se tay bv snmacerpiws haw acee Mable cea b anleasee even ane +30 V 
Input voltage range, V) {any input, see Notes: Tand'3).. ee a ee eeiee maniacs time + 15.N 
EPG ACC O i 0° Sa nee rs PL Se nn it ir Re ene +1mA 
Npeniaune CLICYGiI TE. 0) Sommer MSUIEY oi. 2-5. gp ER EL y's o vie's vl dim Mosca, MAM die gio kd cles kg ass +40 mA 
PDEA Cer ANN WOES a SOT TOUMAL un ke ae UE Oe EE poe aps re rn beg ag YG hets aes vg sg wae ie oes 160 mA 
pace a Gan OPE OLE OF Vivi TOUT 5. ee, Re bx ba vals A Epis ale + he et ee te es 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ........ 0... 0... cee eee Unlimited 
Contigiotic tetaemsinennt. 3: a: 0 6 rr ts pe oa he ec ok bs Cac a eas eukie See Dissipation Rating Table ? 
Operating free-air temperature, Ta: M-SUffIX 22... .5 6. eee cee ee cn ee tee eens — 55°C to 125°C 
Rod ORR SSIS OR ods ee I eA Ps BON SA a cod pee! 2 — 40°C to 85°C 
RSASUTTIR S PeR Aalst eipchte sels A Bes Dactea.s % pematea attains 0°C to 70°C 
Cree TeIMNDErEUCe ane. 8°), sys sles Ge CL eee as Se Oe ak a se aoe ak — 65°C to 150°C 
Case temperature for 60 seconds: FK package ........... ccc cece eect ee eee ee eee eens 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package..................05- 300°C 


NOTES: All voltage values, except differential voltages, are with respect to the midpoint between Voc 4 and Voc _. 


+, 

2. Differential voltages are at the noninverting input with respect to the inverting input. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 

4. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 
maximum dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta < 26°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE TA=25°C POWER RATING POWER RATING POWER RATING 
950 mW 7.6 mW/°C 
1375 mW 11.0 mwW/°C 
1375 mW 11.0 mw/°C 
1150 mW 9.2 mW/°C 
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PACKAGE 


Sonptisoianes 
| MTEL, 
- = V 
Common-mode input voltage, Vic Voc + a4 15 415 14 15 14 
Operating free-air temperature, Ta — 55 125 | -40 85 
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TLO34M, TLO34AM 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics 


Vec+ = t5V Vec+ = +15V 
PARAMETER TEST CONDITIONS Tat MIN. TYP MAX MIN TYP MAX UNIT 


25°C 0.91 6 0.78 4 
Be 
Fuleange [20 oes fogs ait | ene otto Moh 
’ 78 
renee 058 15 
Fulrenge | OS JO 


TLO34M icles 10.6 
125°C 
25°C to ae 
4 : 
TLOS4AM | 125°C Me epee 


Vio Input offset voltage 


Temperature coefficient 


on 
VIO of input offset voltage 


Input offset voltage 
long-term drift (see Note 5) 


Yo = Bie = 9 
Te) Input offset current OR er AIC 00 
act ti 125°C 08 SNOeh sb O8? eagle nA 


) Vo = 0,Vig = 0 eee Eee ee 
Input bias current O IC 


See Figure 5 


: : -11.5 —13.4 
to to 
4 5.4 15.4 
-1.5 - 11.5 
Full range to to 
R 


8 
ae: 14 
10 kQ 3 4.1 13 14 
je BO 
peer 
3 Tee 
L 2 2BPG PS 
Be kes 
eee | 
Posee eee 


iB 


Common-mode input 


V 
ICR voltage range 


Maximum positive peak 


V 
OM + output voltage swing 


sioiyduiy jeuonjeiodg BW 


Maximum negative peak 
output voltage swing 


an a 
w w 


Vom — 


= 
50 | 3742 (8 188 
AL = 10a =e0 | =a -4 128 198 
eee |e as foies 4 
Ri = 


10 kQ, 
See Note 6 


Large-signal differential 
voltage amplification 


"Tp resistance PCa ee eel 
Ginputeapectenge | i 


= 
3 < < < 
< 


Nh 
ol 
° 
@) 
—_ 
AH 
ro 
—s 
ot 
nm 
le 


Common-mode Mic. = ViCR mn, Lh SN 

een rejection ratio NO.= 6 70 87 70 94 
Rg = 50.0 

Supply-voltage Voc + 75 96 75 96 
KsvR__tejecton ratio Yo =0. 

(AVcc +/ AVI) Rg = 502 75 «96 75 = «96 
Pp Total power dissipation No load, a . 
(four amplifiers) Vo = 0 : eee ee 


No load, 
Vo = 0 


Supply current 
(four amplifiers) 


t Full range is — 55°C to 125°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. AtVoc+ = +5V, Vo = +2.3V; atVoco+ = £15V, Vo = +10V. 
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| TLO34M, TLO34AM 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


operating characteristics 


PARAMETER TEST CONDITIONS Tx Yoo +74 § ¥ Veo + =, 215 V 
MIN TYP MAX | MIN Typ max | UNIT 


i SoS Skee ae 
J pases RL = 10k2, 1219 Vius 
at nity ap CL = 100 pF, 125°C 1235 
See Figure 1, 
Negative slew rate : = 2 a 
“Wiese See Note 7 25 46 Vius 
sistas: 125°C 2547 
Rise time 
Vipp = +10 mv, 125°C 


Ri = 10 kQ, 
Fall time C. = 100 pF, 
See Figures 1 and 2 


Overshoot factor 


Equivalent TLO34M 
Vn input 
noise voltage | TLO34AM 


Rs = 
See Figure 3 


B1 Unity-gain bandwidth 


Operational Amplifiers BD 


Phase margin 


®m at unity gain 


NOTE 7: ForVcoo+ = +5V,Vipp = +1V;forVoo+ = +15V, Vipp = +5 V. 
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TLO34I, TLO34Al ) 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics 


a re Vann a LisV 
PARAMETER TEST CONDITIONS a = ea UNIT 


2° 
ora 03 0.79 
Full range 
25° Mma 1 * Eee 
ae 3.5 15 
Ful range as 


aVIO of input offset voltage se oye uV/°C 
(see Note 8 TLO34Al 
Input offset voltage 
long-term drift (see Note 5) 


Input offset current YOu 
see Figure 5 


Input bias current = 0,Vic = 
a, Figure 5 


Common-mode input 
voltage range 


Vio Input offset voltage 


Full range 


25°C 


Maximum positive peak 
P P awe 


output voltage swing 


sidipyduy jeuoies0dg —_ 


a 


Maximum negative peak 
9 P — 40°C 


output voltage swing 


Large-signal differential 
voltage amplification ea Note Pg 


Input resistance 
Input capacitance 


Common-mode 


Vic = VicR Min, 
-CMRR Vo = 0, 


rejection ratio 
Rg = 502 


Supply-voltage Voc + = t5Vtot+15V, 
ksvr rejection ratio : me 
(AVcoc +/ AVi¢C) 


= 50 
Total power dissipation i ~ 
(four amplifiers) 


Supply current No a 
(four amplifiers) Vo = 


Vo1/Vo2 Crosstalk attenuation 


T Full range is — 40°C to 85°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T 4 = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. AtVoc+ = t5V, Vo = +2.3V; atVoo+ = t15V, Vo = +10V. 
8. This parameter is tested on a sample basis for the TLO34A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TLO34I, TLO34Al 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


operating characteristics 


Veoc+ =+t5V Vec+ = +15V 
PARAMETER TEST CONDITIONS Ta MIN TYP MAX MIN TYP MAX UNIT 


‘ eee eo eee 

See seeny AL = 10k0, 27a RY See eee ee eee 

SAAR pe 

See Figure 1 

See Note 7 Vins 
2 132 


at unity gain 


Negative slew rate 
at unity gain 


tr Rise time 


Vipp = +10 mV, 
Ry = 10 kQ, 

Cy, = 100 pF, 

See Figures 1 and 2 


tf Fall time 


Overshoot factor 


Equivalent 
; TLO341 
input 


noise voltage TLOS4Al 
(see uae 9 


me 


Rs = 100Q, 
See Figure 3 


= 10 kQ, 


B1 Unity-gain bandwidth pA Figure 4 


Phase margin 


®m at unity gain 


NOTES: 7. ForVcoco+ = +5V, Vipp = +1V;forVoco+ = +15 V, Vipp = +5 V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 
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TLO34C, TLO34AC 
ENHANCED JFET LOW-POWER Low. OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics 


Voc+ = +t5V Veoc+ = t15V 
PARAMETER TEST CONDITIONS Tal MIN TYP WAX MIN TYP MAX UNIT 


; 3 
ate 0.79 
Full range eee 
ae 
Fang 


nee [| 
wV/°C 


Vio Input offset voltage 


Temperature coefficient 
avIO of input offset voltage 
(see Note 8) 


Input offset voltage 
long-term drift (see Note 5) 


Vo = 0,Vic = 
= Figure 5 


emi #0) S-ah ieee | ee eae te 2500. | 
Input bias current te cel pA 
se Figure 5 50 400 80 400 


Common-mode input 


Input offset current 


V 

ICR voltage range V 
Maximum positive peak 13 14 

Yo « ae 342 94 j 
output voltage swing 

1314 

Maximum negative peak -125 -13.9 

YOM ~ athe 8 thea PTC. | Gs cate) [ateen 198 V 


output voltage swing 


vimy 
rH. Ta SG DAAC 

Esa Me A tC id PT 
lett deeming Wee ee eer a [pr 


= 10 kQ, 
ant Note 6 


Large-signal differential 
voltage amplification 


Avp 


vic = Vien in AT 
Common-mode IC ICR 70 87 75 94 
me Sree 70. ee 75 94 


rejection ratio 


Rs = 502 

Voc+t = t5Vto+ 15 V, 
Vo = 0, 

Rg = 502 


70°C 
HS 2 


Supply-voltage 
kKsyR __ rejection ratio 
(AVoc +/ AVIO) 


Total power dissipation No load, 


(four amplifiers) 


087 1.12 

Sup ane tae ee a RS SC eT 

(four amplifiers) Vo = 0 0. 78 1 0.84 1.12 
Vo1/Vo2_Crosstalk attenuation Avp = 100 REATES EPS BG 


tT Full range is 0°C to 70°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tq = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. AtVoco+ = t5V,Vo = +2.3V; atVoco+ = +15 V,Vo = +10V. 
8. This parameter is tested on a sample basis for the TLO34A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TLO34C, TLO34AC 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


operating characteristics 


V = +5V V = +15V 
PARAMETER TEST CONDITIONS te : eT a rea UNIT 
Positive slew rate : : wi 
ve sk AL = 10k6, i526 | Vi 
at unity gain 
CL = 100 pF, 
See Figure 1, 
Negative slew rate 
R- oak See Note 7 
at unity gain 
tr Rise time 2 
Vipp = + 10mv 
deers 
ty Fall time CL = 100 pF, ns ” 
See Figures 1 and 2 3 
11% — 
Overshoot factor 10% 4% 4 rol 
1% e% : 
Equivalent 
= TLO34C 25°C = a = § 
input Ag = 1000, eee 
noise voltage See Figure 3 SY 
TLO34AC 25°C al 
(see Note 9) 4360 3 
Equivalent input a ome 
Peary ‘ f = 1kHz 25°C 0.003 0.003 pANHz | 
noise current co 
ved 
aa: V; R= 10kQ, Pee Ue es Mae Sir eS o 
Bi Unity-gain bandwidth See Figure 4 ra} 
mS BES ES 


Phase margin 


m at unity gain 


D/| M1 OH 
RL) 
of; Of Oo 
= 
Al i 
N 


NOTES: 7. ForVoc+ = +5V, Vipp = +1V;forVcoc+ = +15V, Vipp = +5V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 


PARAMETER MEASUREMENT INFORMATION 


OVERSHOOT | ry 


Vo 


Vy 


Vcc - 
CL 
(see Note A) 


Ri 


10% - 
+—+ t, - RISE TIME 


NOTE A: Cy includes fixture capacitance. 


FIGURE 1. SLEW RATE, RISE/FALL TIME, FIGURE 2. RISE TIME AND OVERSHOOT 
AND OVERSHOOT TEST CIRCUIT WAVEFORM 
i 
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TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


NOTE A: Cy includes fixture capacitance. 


FIGURE 3. NOISE VOLTAGE TEST CIRCUIT FIGURE 4. UNITY-GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 


GROUND SHIELD _ YCC + 


FIGURE 5. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 


siaipyjduiy jeuoneisdg BW 


typical values 


Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 


input bias and offset current 


At the picoamp bias current level typical of the TL034 and TLO34A, accurate measurement of the bias current 
becomes difficult. Not only does this measurement require a picoammeter, but test socket leakages can easily 
exceed the actual device bias currents. To accurately measure these small currents, Texas Instruments uses 
a two step process. The socket leakage is measured using picoammeters with bias voltages applied but with 
no device in the socket. The device is then inserted into the socket and a second test that measures both 
the socket leakage and the device input bias current is performed. The two measurements are then subtracted 
algebraically to determine the bias current of the device. 


noise 


Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet 
specific application requirements. Please contact the factory for details. 
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TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
table of graphs 


Via input offset voltage Distribution ie hae ee 


Temperature coefficient ces 8b 
aVIO Distribution 7 
of input offset voltage 


[Input ofset current te Tempers | ee es 


| Input bias current vs Vic 
in . vs Temperature 
NGS 10 
V Input voltage range 
ViD Le Output voltage ee) BAG fo 


Differential input voltage vs Output voltage 12,13 


Voc 
Maximum peak output Output current 


voltage swing Frequency 
Temperature 


RL 
VD Differential voltage amplification Frequency 
vs Temperature 
0 See ae ee Paes 


ig Ouiput impedance 


vs 
=. vs Frequenc 24,25 
CMRR Common-mode rejection ratio q ¥ 
vs Temperature 


KGvR__ Supply-voltage rejection rat 


vs Voc 
los Short-circuit output current vs Time 
vs Temperature 
D 


VOM 


Voc 
Suppl t 


Ic 
R 34, 35 
R l 
Vn 
H 


Vv 
V 
Equivalent input noise volage eee ps ee 
THD Total harmonie distortion pea eae 


ee vs Vcc 
V 
Phase margin 
vs Temperature a 


Phase shit Sot Ss 02. Sere Se ee 


Pulse response Small-signal 
: Large-signal 46. 47 


Ss 
Ss 
vs 
Gvershoot factor 
Ss 
Ss 
Ss 
>) 
Ss 
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21 
22 
23 
26 
27 
28 
29 
30 
32 
33 
38 
31 
39 
40 
41 
42 
43 
ge 
21 
45 


TEXAS 4 


Operational Amplifiers By 


INSTRUMENTS 20D 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


DISTRIBUTION OF TLO34 
DISTRIBUTION OF TLO34 INPUT OFFSET VOLTAGE 
INPUT OFFSET VOLTAGE TEMPERATURE COEFFICIENT 


1988 Amplifiers tested from 3 wafer lots 352 Amplifiers tested from 3 wafer lots 


Voc+ = +15V Voc+=t15V 
Ta = 25°C Ta = 25°C to 125°C 
- N Package * 
4 2 
2 
a r-% 
| £ E 
: : 
= 4s : 
o = = 
a: $ 
- a 
\e) 
= 
2 
> -4 “3 -2 -1 0 1 2 3 4 ~ 40 -30 -20 -10 0 10 20 30 40 
3 Vio — Input Offset Voltage - mV “VIO — Temperature Coefficient — 1V/°C 
= FIGURE 6 FIGURE 7 
oO 
ow INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS VS 
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE 


Vcc + = +15V 


Ip and lig — Current — nA 
lp — Input Bias Current — nA 


25 45 65 85 105 125 
Ta — Free-Air Temperature — °C Vic — Common-Mode Input Voltage — V 
FIGURE 8 FIGURE 9 
2-256 Ti 
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Vip — Differential Input Voltage — ,.V 


Vic — Common-Mode Input Voltage — V 
So 


TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
~ QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


COMMON-MODE COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS INPUT VOLTAGE RANGE LIMITS 
vs. vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


verre] | | | 


POSITIVE LIMIT 


Ca 


: eee 
a ae ear os OI RES Ae EP a oe 
=aam ee 
— 16 — 20 
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125 
Vcc +|- Supply Voltage - V Ta — Free-Air Temperature - °C 
FIGURE 10 FIGURE 11 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 
VS vs 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


1.5 


0.5 


-0.5 


I 
—_ 
ion uw a su 


Vic — Common-Mode Input Voltage — V 
So 


| an acs 


Sa/ 


TT aa 


Vip — Differential Input Voltage — .V 


: 


-1.5 
a§ «423 =2'-1 2B 1-2 Sy 4 8 
Vo — Output Voltage — V Vo — Output Voltage — V 
FIGURE 12 FIGURE 13 


wy 
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TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
. VS VS 
SUPPLY VOLTAGE FREQUENCY 


Vom — Maximum Peak Output Voltage — V 


tl 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


SW 


siaiyyduy jeuoiessdg ae 


Beene: 
0 2 4 6 8 10 12 14 16 1k 10k 100 k 1M 
Voc +|- Supply Voltage - V f — Frequency — Hz 
FIGURE 14 FIGURE 15 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
OUTPUT CURRENT OUTPUT CURRENT 


Veoc+ = +15V 
Ta = 25°C 


|Vom|— Maximum Peak Output Voltage — V 
|Vom|— Maximum Peak Output Voltage — V 


0 5 10 15 20 0 5 10 15 20 25 30 
|ig|- Output Current - mA : |io|- Output Current - mA 
FIGURE 16 FIGURE 17 
Texas W 
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— TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


Vom — Maximum Peak Output Voltage — V 


Ayp — Differential Voltage Amplification — V/mV 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


ct eer 


Ta — Free-Air Temperature — °C 
FIGURE 18 


-25 O 25 50 75 100 125 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 


VS 
LOAD RESISTANCE 


tar Oi Rana 
Me 


MZ 
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10k 100 k 
R,_ — Load Resistance — Q 


FIGURE 20 


Voci = +t5V 


1M 


Vom — Maximum Peak Output Voltage — V 


Ayp — Differential Voltage Amplification 


MAXIMUM PEAK OUTPUT VOLTAGE 
VS 
FREE-AIR TEMPERATURE 


1 
-75 -50 -25 0 25 50 75 100 125 


Ta — Free-Air Temperature — °C 


FIGURE 19 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


VS 
FREQUENCY 


10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz 
FIGURE 21 


Operational Amplifiers ee 


Phase Shift 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


2-259 


TLO34, TLO34A ; 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
LARGE-SIGNAL VOLTAGE AMPLIFICATION OUTPUT IMPEDANCE 


vs vs 
FREE-AIR TEMPERATURE FREQUENCY 


Ea 


> 

E 

> 

6 

3 i 
. ie : 

Ee 3) 

H 

S E 
Ss 3 z 
o 3 8 
. § ; 
S £ . 
fo) Pay Vcc += +15V 
= | fo (open loop) ~ 2500 
= <q Ta = 25°C 

, : 
> -75 -50 -25 0 25 50 75 100 125 1k 10k 100 k 
3 Ta — Free-Air Temperature — °C f — Frequency — Hz 
= FIGURE 22 FIGURE 23 
O 
ow COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO 
VS VS 
FREQUENCY FREQUENCY 


CMRR — Common-Mode Rejection Ratio — dB 
CMRR — Common-Mode Rejection Ratio — dB 


0 
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz f — Frequency — Hz 
FIGURE 24 FIGURE 25 
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CMRR -— Common-Mode Rejection Ratio — dB 


los — Short-Circuit Output Current —-mA 
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COMMON-MODE REJECTION RATIO 


VS 


TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SUPPLY-VOLTAGE REJECTION RATIO 
VS 


FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


100 
TT pee | 


a Seine 


-75 -50 -25 75 100 125 -75 -50 =-25 0 $25 50 75 100 125 
Ta- aoe ete -°C Ta — Free-Air Temperature — °C 
FIGURE 26 FIGURE 27 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS VS 


Ksvp — Supply-Voltage Rejection Ratio — dB 


90 
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SUPPLY VOLTAGE TIME 


Ta = 25°C 
Need ESE SR SE 


los — Short-Circuit Output Current - mA 


Voc += +15 V 
Ta = 25°C 
2 4 16 0 5 10 15 20 25 30 
Voc +|- Supply Voltage - V t - Time — Seconds 
FIGURE 28 FIGURE 29 
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TLO34, TLO34A 


ENHANCED JFET LOW-POWER LOW-OFFSET 


QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SHORT-CIRCUIT OUTPUT CURRENT 


VS 
FREE-AIR TEMPERATURE 


Se} 


RES pissin Be REN 


los — Short-Circuit Output Current - mA 


-75 -50 -25 0 2 50 75 
Ta — Free-Air Temperature — °C 


FIGURE 30 
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SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 


co— Supply Current - mA 


0 2 4 6 8 10 12 
Voc +|- Supply Voltage - V 


FIGURE 32 
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125 


EQUIVALENT INPUT NOISE VOLTAGE 
VS 
FREQUENCY 


ita Figure 3 


a a a 


10 100 1k 10 k 100 k 
f — Frequency — Hz 


FIGURE 31 
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V,— Equivalent Input Noise Voltage — nV/VHz 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 


‘ccc Supply Current — yA 


0 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 33 


2-262 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SR — Slew Rate — V/us 


SR — Slew Rate — V/s 


TL034, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SLEW RATE 
VS 
LOAD RESISTANCE 


Vcc += 5V 
Cy, = 100 pF 
Ta = 25°C 
See Figure 1 


1 10 
R,_ — Load Resistance — kQ 


FIGURE 34 
SLEW RATE 


VS 
FREE-AIR TEMPERATURE 


Voc + = t+5V 
Rr = 10 kQ 
Cy, = 100 pF 
See Figure 1 


0 
-75 -50 -25 0 25 50 75 100 
Ta — Free-Air Temperature — °C 


FIGURE 36 
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SLEW RATE 
VS 
LOAD RESISTANCE 


1] 
= 
> 
1 
£ 
Lys) 
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x) 
” 
1 
ea 
7) 
Voc += + 15 Vv 
Cy = 100 pF 
Ta = 25°C 
See Figure 1 
1 10 100 
R,_ — Load Resistance — kQ 
FIGURE 35 
SLEW RATE 
vs 
FREE-AIR TEMPERATURE 
” 
ae 
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fe 
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Voc + = +15V 
Ru = 10 kQ 
Cy = 100 pF 
See Figure 1 
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0 
-75 -50 -25 0 25 °50 °75 ‘100. 125 


Ta — Free-Air Temperature — °C 
FIGURE 37 
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TLO34, TLO34A 


ENHANCED JFET LOW-POWER LOW-OFFSET 


QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


OVERSHOOT FACTOR TOTAL HARMONIC DISTORTION 
VS VS 
LOAD CAPACITANCE FREQUENCY 
iy vooa = Y 
“ae Ayp = 1 
Ta = 25°C & v = 6V 
See Figure 1 5 1, 2 26°C 
2 a 
S 2 
LL c 
- ro} 
© } 
o 5 z 
2 
° ¢ 
5 S 
pe) 
> 0 50 100 150 200 250 100 1k 10k 100 k 
3 C,_ — Load Capacitance — pF f — Frequency — Hz 
= FIGURE 38 FIGURE 39 
@ 
P UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
1.1 1.3 
Vj = 10mV 
Ry = 10 kQ 
= om . 42 CL = 25 pF 
- 1.05 vi See Figure 4 
£ £ 
3 3 1.1 
a 1.0 a 
£ £ 
5 5 1.0 
£ £ 
5 Vi = 10 mV 5 
4 0.95 Re = 10 kQ 
om C, = 25pF * ins 
Ta = 25°C 
See Figure 4 
0.9 0.8 
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 ='100 125 
Voc +|- Supply Voltage - V Ta — Free-Air Temperature — °C 
FIGURE 40 FIGURE 41 
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TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


PHASE MARGIN PHASE MARGIN 
VS VS 
SUPPLY VOLTAGE LOAD CAPACITANCE 
70 
“cUTT TT rep 
Ry = 10 kQ 
66 ce Ta = 25°C 
” ” 
eg See Figure 4 
d : 
o o 
5 s 
E .e 
ag oy 
2 2 60} See Note 10 
2 3 58 ee — 
po heer SO 
< 
; sod GO rT | ae 
p 
loc uae pa EAR arabe. 
See Figure 4 de 
0 2 4 6 8 10 12 14 16 0 10 20 30 40 50 60 70 80 90 100 
\Voc +|- Supply Voltage - V C,_ — Load Capacitance — pF 
FIGURE 42 FIGURE 43 
PHASE MARGIN VOLTAGE-FOLLOWER 
vs SMALL-SIGNAL 
FREE-AIR TEMPERATURE PULSE RESPONSE 
Veoc+ = 1+15V 
Ry = 10kQ 
Cy = 100 pF 
3 > Ta = 25°C 
ee CO 
© 
, D 
: Bicdhsed ben poly d soton tity ae 
: ee le ag 
a 
F : Caled. GE 
a 
: 2 SH 
£ Vj = 10 mV 
Ry = 10 kQ 
Cy = 25pF 
See Figure 4 
-75 -50 -25 0 25 50 75 100 126 : 0 02 04 06 08 10 1.2 1.4 
Ta — Free-Air Temperature — °C t- Time —- us 
FIGURE 44 FIGURE 45 


NOTE 10: Values of phase margin below a load capacitance of 25 pF were estimated. 
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TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


> > 

2 = 

= > 
2 j 

=] =] 
o 1 
a cS fe See Figure 1 Oo 
epee denial 
p> 
a 
> -2 

Oo0: 4 SNE AVES 7 0° 2° 45 6 °@. 0 2 14/7 16 18 

Ee t-— Time —s t-— Time —us 
= FIGURE 46 FIGURE 47 
@ 
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TYPICAL APPLICATION DATA 


input characteristics 


The TL034 and TLO34A are specified with a minimum and a maximum input voltage that, if exceeded at either 
input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias current requirements, the TL034 and 
TLO34A are well-suited for low-level signal processing; however, leakage currents on printed circuit boards 
and sockets can easily exceed bias current requirements and cause degradation in system performance. It 
is a good practice to include guard rings around inputs (see Figure 48). These guards should be driven from 
a low-impedance source at the same voltage level as the common-mode input. 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


Vi 
Vo 
Vi 
Vo 
Vv 
1 aes Vi . 
(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER 
FIGURE 48. USE OF GUARD RINGS 
ee TEXAS ai 
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TLO34, TLO34A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


output characteristics 


All operating characteristics (except bandwidth and phase margin) are specified with 100 pF load capacitance. 
The TL034 and TLO34A will drive higher capacitive loads; however, as the load capacitance increases, the 
resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation. The 
value of the load capacitance at which oscillation occurs varies with production lots. If an application appears 
to be sensitive to oscillation due to load capacitance, adding a small resistance in series with the load should 
alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if enough resistance is added 
in series with the output (see Figure 49). 


(a) Cy, = 100pF,R = 0 (b) Cy = 300pF,R = 0 (c) C_ = 350 pF,R = 0 


Operational Amplifiers ae 


(d) C_ = 1000 pF,R = 0 (e)C_ = 1000 pF,R = 50 (f)C_ = 1000 pF,R = 2kQ 
FIGURE 49. EFFECT OF CAPACITIVE LOADS 


Vo 


-15V 
CL 
(see Note A) 


10 kQ 


NOTE A: C,_ includes fixture capacitance. 
FIGURE 50. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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TLO34, TLO34A | 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


audio distribution amplifier 


This audio distribution amplifier feeds the input signal to three separate output channels. U1A amplifies the 
input signal with a gain of 10 while U1B, U1C, and U1D serve as buffers to the output channels. The gain 
response of this circuit is very flat from 20 Hz to 20 kHz. The TL034 allows quick response to the input signal 
while maintaining low power consumption. 


NOTE: UtA through U1D = TLO34;Voo 4 = SV. 


siaiyduy jeuoneisdOC BW) 


instrumentation amplifier with linear gain adjust 


The TLO34 low-offset voltage and low-power consumption provides an accurate but inexpensive 


instrumentation amplifier. This particular configuration offers the advantage that the gain can be linearly set 
by one resistor: 


R6 
Vo = R5 x (VB — Va) 


Adjusting R6 varies the gain. The value of R6 should always be greater or equal to the value of R5 in order 
to ensure stability. The disadvantage of this instrumentation amplifier topology is the high degree of CMRR 
degradation resulting from mismatches between R1, R2, R3, and R4. For this reason, these four resistors 
should be 0.1% tolerance resistors. 


0.1% 
Vec - = 


NOTE : U1A through U1D = TLO34;Voo+ = +15 V. 
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TLO44M, TLO44C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


D1662, SEPTEMBER 1973—REVISED JUNE 1988 


Very Low Power Consumption TLO44M .. . J OR W DUAL-IN-LINE PACKAGE 
TLO44C .. . J OR N PACKAGE 


@ Typical Power Dissipation with +2-V 
(TOP VIEW) 


Supplies .. . 340 »W 


@ Low Input Bias and Offset Currents AMPL Dr is] OUT 
@ Output Short-Circuit Protection = IN+ LJ3 14, J IN- oe 
#1, #4VCC-— 13| | IN+ 
@ Low Input Offset Voltage ee IN+ Cs 12f] #2, #3 Vec— 
@ Internal Frequency Compensation #2 an 11%) i +) amet 
@ Latch-Up-Free Operation #2, #3 Vec4 3? 3 OUT #3 
@ Power Applied in Pairs Pins 4 and 12 are internally connected together in the 2 
N package only. 
TLO44M IS NOT RECOMMENDED FOR ” 
NEW DESIGNS. TLO44M . .. FK PACKAGE ® 
Eee (TOP VIEW) cod 
description a 4 
The TLO44 is a quad low-power operational 8 a 
amplifier designed to replace higher-power she ms - q 
devices in many applications without sacrificing z 3 te 3 a 
system performance. High input impedance, low tice ¢5 ellie © 
supply currents, and low equivalent input noise mee inti = 
voltage over a wide range of operating supply 70 19 ~~ 
voltages result in an extremely versatile #1 IN+f]4 is(] #4 IN— © 
operational amplifier for use in a variety of analog #1, #4Vcc-5 17) #4 IN+ o 
applications including battery-operated circuits. NCie 16f1 NC oS. 
Internal frequency compensation, absence of #2 IN+17 15(] #2, #3 Vcc_ O 
latch-up, high slew rate, and output short-circuit #2 IN—Ng 147] #3 IN+ 
protection assure ease of use. Power may be 9 
applied separately to Section A (amplifiers 1 er 
and 4) or Section B (amplifiers 2 and 3) while the 3 t2 = 3 
other pair remains unpowered. ~ g : pa 
The TLO44M is characterized for operation over a = Sy 
the full military temperature range of —55°C wl 
to 125°C; the TLO44C is characterized for ei 
operation from O°C to 70°C. NC—No internal connection 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 


INVERTING 
INPUT IN— 


OUTPUT 


PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 


posi as of gouge toes sage og conform to Ti wy 
specifications the terms exas Instruments 
standard pera . Production processing does not. EXAS 
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TLO44M, TLO44C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


AVAILABLE OPTIONS 


CHIP CARRIER | CERAMIC DIP | PLASTIC DIP | FLAT PACK 
(FK) (J) (N) (W) 


TLO44MFK TLO44MJ ame TLO44MW 


Supply voltage Vcc + (see Note 1) 

Supply voltage Vcc — (see Note 1) 

Differential input voltage (see Note 2) 
Input voltage (any input, see Notes 1 and 3) 
Duration of output short-circuit (see Note 4) | unlimited | unlimited | | 
Continuous total dissipation 
Operating free-air temperature range 

Storage temperature range 


Case temperature for 60 seconds 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | J or W package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | N package 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc _. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 

. The output may be shorted to ground or either power supply. For the TLO44M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 85°C free-air temperature. 


Oo 
a=) 
® 
=| 
9) 
S. 
6 
5 
2 
ss 
3 
% 
= 
® 
= 
” 


WN 


DISSIPATION RATING TABLE 


Ta =< 25°C DERATING DERATE Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING 
FK 11.0 mW/°C 


PACKAGE 


J (TLO44M) 11.0 mW/°C 
J (TLO44C) 8.2 mW/°C 
N N/A 

W 8.0 mW/°C 


tester TEXAS 4 
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TLO44M, TLO44C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC + = 15 V, VCC— = -15 V 


PARAMETER 
Vv Input offset voltage * 
10 p g 500 
Common-mode 
VICR , 
input voltage range 
y Maximum peak-to-peak 10 kQ 
? output voltage swing 10 kQ 
V 
1 
M 


R 
P 

‘x Large-signal differential Ri = 10 kQ, 
sa voltage amplification Vo = +10V 
R ; 


3 
< 


=) 
> 


2 


Vo = 
Rs = 
Vo = 
Vo = 
RL = 
RL = 


oO 
o>) 
o>) 
oO 
© 
o 


B Unity-gain bandwidth 


P 
CMRR Common-mode Vic = VicR min, 
rejection ratio Vo = 0, Rg = 5020 


Supply voltage sensitivity | Vcc = +9 Vto +15 V, 
(AVi9/AVcc) Vo = 0, Rg = 502 


~ 
NO 
(22) 
oO 
~ 
NO 


. 


ksvs 


a 


Equivalent input 
noise voltage 


|los Short-circuit output current] 
(four amplifiers) Vo = OV 
(four amplifiers) Vo = OV 
T All characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified. Full range 
for TLO44M is -—55°C to 125°C and for TLO44C is O0°C to 70°C. 
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operating characteristics, Vcc + = 15 V, Vcc-— = -15 V., Ta = 25°C 


TLO44M TLO44C 
PARAMETER TEST CONDITIONS MIN. TYP MAX | MIN TYP MAX UNIT 


Vi= 20mv, RL = 10 Fe 
CL = 100 pF, See Figure 1 : 


SR Slew rate at unity gain 


= : See Figure 1 
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TLO51, TLOS1A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


D3234, JUNE 1988 —- REVISED FEBRUARY 1989 


® Maximum Offset Voltage ... 800 1.V(TLO51A) @ LowNoise Voltage ... 18 nV/VHz 


Typ at f= 1 kH 
@ High Slew Rate ... 19.8 V/us Typ at 25°C ype z 


e Low Input Bias _.. 30pAT 
© Low Total Harmonic Distortion ... 0.003% CPOE Bes GuNtents si: AERTS 
Typ at Ry = 2 kQ 


D, JG, or P PACKAGE FK PACKAGE L PACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) 


OFFSET N1[]1 LJ) af] NC es 
IN - 7] Voc + = ee 
IN+O13 ef] ouT 7. we 

Veoc-L]4 — 5) OFFSET N2 


NC | 1/4 18[] NC 
IN - 171) Voc + 


NC {| /6 16/] NC 
IN+]|7 SPOUT gp. 
New IE 14f] NC Pin 4 is in electrical contact with the case 


10-14 


9 
| eae | Se) 
6 ipa 
+ PE 
oO 
> 


12 13 


2 aa 
WN 
2° 


NC — No internal connection 


description 


The TLO51 and TLO51A operational amplifiers incorporate well-matched, high-voltage JFET and bipolar 
transistors in a monolithic integrated circuit. These devices offer the significant advantages of Texas 
Instruments new enhanced JFET process. This process affords not only low initial offset voltage due to the 
on-chip zener trim capability but also stable offset voltage over time and temperature. In comparison, 
traditional JFET processes are plagued by significant offset voltage drift. 


Operational Amplifiers By) 


This new enhanced process still maintains the traditional JFET advantages of fast slew rates and low input 
bias and offset currents. These advantages coupled with low noise and low harmonic distortion make the 
TLO51 well-suited for new state-of-the-art designs as well as existing design upgrades. The TLO51 has been 


DISTRIBUTION OF TLO51A 
INPUT OFFSET VOLTAGE 


393 Units tested from 1 wafer lot 
AVAILABLE OPTIONS Vec+=+15V 


t, |“iomax| smaALL- CHIP CERAMIC = METAL PLASTIC 
A |AT 25°C! OUTLINE CARRIER DIP CAN DIP 
(D) (FK) (JG) (L) (P) 


0° ee 
800 uV | TLO51ACD TLOS1ACJG TLOS1ACL TLOS1ACP 


Ta = 25°C 
P Package 


TLO51CD —  TLOSICJG  TLOSICL TLOSICP 
ey te TLOS1AID — — TLOS1ANG TLOS1AIL TLOSIAIP 
85°C TLOS1ID  —  TLO51NG TLOS1IL TLOSIIP 
“Se TLOS1AMD TLOS1AMFK TLOS1AMJG TLO51AML TLOS1AMP 
125°C TLOS1MD TLOSiMFK TLOSIMJG TLOSIML TLOSiMP 


Percentage of Units —-% 


D packages are available taped-and-reeled. Add "R" suffix to device type (e.g., 
TLO51CDR). 


-900 -600 -300 0 300 600 900 
Vio — Input Offset Voltage — ,.V 


PRODUCTION DATA documents contain information 


Copyright © 1989, Texas Instruments Incorporated 
re = of — date. —— i ro Ti 4 
specifications per the terms of Texas Instrume 
andard warranty. Production processing does not | EXAS 2-273 
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TLO51, TLOS1A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


description (continued) 


designed to be functionally compatible, as well as pin compatible, with the TLO71 and TLO81. Two offset 
voltage grades are available: TLO51 (1.5 mV max) and TLO51A (800 nV max). 


A variety of available packaging options includes small-outline and chip carrier versions for high-density 
system applications. 


The M-suffix devices are characterized for operation over the full military temperature range of — 55°C to 
125°C. The I-suffix devices are characterized for operation from — 40°C to 85°C, and the C-suffix devices are 
characterized for operation from 0°C to 70°C. 


2 equivalent schematic (each amplifier) 
V CC+ 


Vo 


sioipyduy jeuoinessdg 


OFFSET N1 D2 
OFFSET N2 t 


Vcc- 
symbol (each amplifier) 
OUT 
IN + 
EXAS 
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TLO51, TLOS1A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


SUPE ye Mees, [OCR NGG ai ye ie Sic ce ty. ls pwn epere gre sbcr ss. s \> uheapbigs os Rasy 18 V 
TAN RT MINS CONOMS TIA. 6 dig dai nev «ose oe ea oe dae ewer Oe Ede hee ee een aks an eb -18V 
LOTT GIT UIE WOE COMET UNG.) es Lk IEOSs 6 sss on kale tie ban eee dia a's toe yee eee awk +30 V 
Input voltage range, V) (any input, see Notes 1 and 3)...... 0... ccc cece eee eee eens +15.¥ 
OULD Colt Be CCE NNN ALY Sores coke bi nts AMPERES gid neh Pape fs Hoes hone Asm Ow Ae own > lea Sn de wa ae +1mA 


Cie CRTPITs, O75 CRMUDEMNUIE) ou. 5. hy DOME RG eae we oe beiSg ae tigine ae sted beni eee meals +80 mA 


POT CUTIE he ees MOTB N ccs 6 hc OF aioe PR paca es sn yk kaa ke Kedar eeu eS ere ES 160 mA 
TOtEr DUITOTCGEE OF Vise: .. TORTIE) oo oes 5. 2th ee bee, soos Gene e nye (sR OAs | 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ......... 0.0... cee eee Unlimited 


Continuous total dissipation 
Operating free-air temperature, Ta: M-suffix 


See Dissipation Rating Table 
— 55°C to 125°C 


2 


PI aie Cia as iw Ge ne 0 aca oe ke BO ORSHAO A — 40°C to 85°C 
ROMEO ECE EAG Ss aivin:s 4 FCW CTY ald Gee Ee vl ons visa Sine eee 0°C to 70°C 
ererae SOINMOPAIG FAIO co. cg a dak neha as bie bas 5 PRMD OS eis kee teen — 65°C to 150°C 
Case temperature for GO: seconds: FIK Package 45... ch get re bc ce eae eee pw enone 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package................ 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc , and Vcc _. 
Differential voltages are at the noninverting input with respect to the inverting input. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 


maximum dissipation rating is not exceeded. 


2. 
3. 
4. 


DISSIPATION RATING TABLE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


Ta, = 85°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


Operational Amplifiers 


PACKAGE 


725 mW 
1375 mW 
1050 mW 

825 mW 


5.8 mW/°C 
11.0 mW/°C © 


8.4 mW/°C 
6.6 mW/°C 


1000 mW 8.0 mW/°C 


Common-mode input voltage, Vic 


Operating free-air temperature, Ta 
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TLO51M, TLO51AM 
ENHANCED JFET PRECISION ; 
OPERATIONAL AMPLIFIERS 


electrical characteristics 


PARAMETER TEST CONDITIONS Tat Veo+=+5V | Voc+ = t15V | we 
A MIN TYP MAX | MIN. TYP MAX 


DE 075  35| 059 1.5 | 

Vio Input ost vag jms Ie ee 
TLO51AM 

fulrarge | > pune aa Pa! 


e 4 TLosim | 2.Cto 
ches Temperature coefficient 4 125°C uVv/eC 
of input offset voltage TLO51AM 25°C to 
125°C 
Input offset voltage 25°C V/ 
long-term drift (see Note 5) iiss 
Vo = 0,Vic = 0, obese se | te 
Input offset current ae oe 5. ee BA | 
See Figure § Rr ie ee a a ea 


= 0,Vig = 0. ey My 
Input bias current Vo a: IC 
See Figure 5 125°C 10 SO] 20 80] nA 


=f 2S 
to By: 


iB 


Common-mode input 


voltage range -11 
Full range 
: 


: eo ae Ee eee SSS: Si ae 
Maximum positive peak : : 
output voltage swing is Se ee ae ee eee 

: Pulypnge.|.) 26g, coin aes 

: | 26% feb 85 ete 1820 
Maximum negative peak | 7 -Fubcange ARS emcee 
output voltage swing : 


Large-signa! differential RL = 2kQ, 
voltage amplification See Note 6 


10 nie $6nq ido coc 
Of SARE TS" RN OOMURIN PNTTs  TN a  SR S Os 
 Givte) ke Ip eabseetnne oo | I ee 
Sicsank pats = Bie oe a ae ee oe ee ee ere 
rejection ratio i. = = 
50 2 
Supply-voltage 
ksvR rejection ratio 
(AVcc +/ AVi¢) 


Supply current | No px 


lec (four amplifiers) Vo = 


tT Full range is — 55°C to 125°C. 


NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T 4 = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. ForVoc+ = t5V,Vo = £2.3V;atVoc+ = t15V,Vo = +10V. 
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TLOS1M, TLO51AM 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


operating characteristics 


Voco+ = t5V Vec+ = t15V 
TEST NDITION vat | Vect = +5V | 
PARAMETER ST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 


SR Se 
Vhis 
ead ee ee 


Positive slew rate 
at unity gain 


Ri = 2kQ, 
Ci = 100 pF, 
See Figure 1 and Note 7 


Negative slew rate 
at unity gain 


pee tt oli) | ee 
eS Pee. Se ae ae 
Ce SS ee eS ae 
2 es Se Se ee 
V = +10 mV, 
fe 2 ko, oe Se 
ty Fall time on ae 2 See aS eee ee 
| SS Ss a eee aS 


See Figures 1 and 2 


a 
voltage Rg = 1000, 


V Peak-to-peak equivalent | See Figure 3 | f = 10Hzto : 
noise current 
f = 1kHz, See Note8 : 


C. = 25pF, See Figure 4 : 
Sige | es ee 
Pee |e oe ee 
2S a ae ea TR 
a Sa ee aa ee 
t Full range is — 55°C to 125°C. 


NOTES: 7. ForVoco + = +5 V, Vipp = +1V; forVoo+ = +15V, Vipp = +5V. 


Overshoot factor 


By Unity-gain bandwidth 


Phase margin 
at unity gain 


Vi; = 10 mV, RE = 2kQ, 


#m Cy = 25pF, See Figure 4 
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TLO511, TLO51Al 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


electrical characteristics 
Voos = 215V 


PARAMETER TEST CONDITIONS Tat 
MIN TYP MAX MIN TYP MAX 


4a 075 35 
Fullrange | CS. 
feo | eee K 
Fullrange | 4 
TLOS1I pone 7 
85°C 

TLOSIAI FeO 
85°C 
Input offset voltage ance: 
long-term drift (see Note 5) 


V = 0, V = 0, ° 
Input offset current Oe SNC 
Soe Figue 8 aT 
pe el eal atid Meat LG 
Input bias current One E TG 
See Figure 5 


Full range 


oO 


Vio Input offset voltage 


Temperature coefficient 
avIO of input offset voltage 
(see Note 9) 


5 
lo 0.07 


oO 
nN —_ 
oO oO 

= | 

> 


iB 


oO 
N 


Common-mode input 
voltage range 


—11 
to 


Maximum positive peak 
output voltage swing 


Sec ie 
rratange | ae 
2 


VOM + 


Ue ae rg 
11.5 


| H 
Gene 


TT 
ae TFullrange | -25 i 
aeons oa ee eS ee 
Fullrange| -23.. 
Seca ite eT a 
Oks ae ae See te gee 
N 
pid bes ae | ie ee 
ar PC te RSPR A A! 
ies: ERS sche 
a See ae 
Be oe > es 
oe eae YF ae 
wy as ey 


Maximum negative peak 
output voltage swing 


Se 
ee 


| 
— 
Ss 


Large-signal differential 
voltage amplification 


rj Input resistance 
Cj Input capacitance 


Common-mode 
rejection ratio 


Ry = 2kQ, 
AyD 


3 


2 
Vic = Vicr min, 


CMRR Vo = 0, 

Rs = 50 
Vec+ = t5Vto+15V, 
Vo = 9, 


4 5.6 
a4 
to 
4 
3 
-—2.3 
30 74 
1 
6583 
65 84 
15 99 
15 98 
Rg = 500 7599 
2.6 : 


Supply-voltage 
KsyrR rejection ratio 
(AVcc +/ AVio) 


13. 13.9 
2 

-12 

0 76 

12 

75 93 

75 90 

75 93 

75 99 

75 98 

75 99 
bis iat 7 


Ve u0 ts ae Rae EES 


Supply current 


lec (four amplifiers) 


nm 
N 


t Full range is — 40°C to 85°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T, = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. ForVoc+ = t5V,Vo = £2.3V; atVoc+ = £15 V,Vo = +10V. 
9. This parameter is tested on a sample basis for the TLO51A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TLOS11, TLOS1AI 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


operating characteristics 


V =t5V V = t15V 
PARAMETER TEST CONDITIONS Tat coz UNIT 
MIN TYP MAX | MIN TYP MAX 


Positive slew rate 15 23.7 
i al 1323 
at unity gain Ri = 2kQ, 
13 21.9 
Se He Tener y waa Le 
Negative slew rate See Figure 1 and Note 7 : : 
=a edie th 1319.4 
at unity gain 
13195 
2) a ae ae 
es 3 marae a re ee eee eee 2 
Vipp = +10 mv, eae 
agi spe ei Saeeee Ament Toe 
' Cy = 100 pF, were 


See Figures 1 and 2 


25° 19% 
= 40° 19% 


Overshoot factor 


{ 
85° 19% 
r Equivalent input noise f = 10Hz ee SS RE 7 
" voltage (see Note 10) Rg = 100Q,| f = 1kHz et Ss” yaar 
Peak-to-peak equivalent | See Figure 3 | f = 10 Hzto 
VNPP . 25°C 
input noise voltage 10 kHz 
Equivalent input 
noise current 
ee a Rs = 1kQ, Ri = 2kQ, 
bi Total h rtion ° % 003% 
HD otal harmonic distorti t= kde. See Notes 25°C 0.003% 0.003% 


By Unity-gain bandwidth Bt Se 
See Figure 4 : : 
oN at RY Ae OSs ation di ee 
ier] sea dieaote e@eonnl 
t Full range is — 40°C to 85°C. 


NOTES: 7. ForVoc+ = +5V, Vipp = +1V; forVoco+ = +15V, Vipp = +5V. 
8. ForVoc+ = +5V, Vo(rms) = 1V;forVoco+ = +15V, Vo(rms) = 6V. 
10. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 


53 
57 
53 

5 


nV/VHz 
30 


52 
64 
- 
fo 
18 
4 


9 
= 


QW} a =i 
o;— 12) 


on 
Soar 
® 
= 
ro 
= 
= § 
a 
c 
= 
oe 
© 
hen 
® 
a. 
e) 


MHz 


Phase margin 
at unity gain 


Vj = 10 mV, Ri = 2kQ, 
Ci = 25pF, See Figure 4 
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TLOS1C, TLOS1AC 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


electrical characteristics 


PARAMETER 


Vv =+t5V Vv = +1 
TEST CONDITIONS Tat ccs eee 

MIN. TYP MAX | MIN TYP MAX 
fbi 0.75 3.5 0.59 1.5 
Full range 


Cc 
= 
= 


=|o 
00 | Go 


V Input offset voltage 
ae ae : fcbsiaG 0.36 - 
Full range 
Temperature coefficient TLO51C py 
avIO of input offset voltage uVv/°C 


(see Note 9) 


TLOSIAC ce 
70°C 
Input offset voltage 
long-term drift (see Note 5) 


Vo'= 0, Vic = 0, 
| | offset current 
lO a me See Figure 5 
Vo = 0,Vic = 9, 
| 
lip nput bias current See Figure 5 


Common-mode input 
voltage range 


w 
> 
ine) 
ne ie 
wi — 
ak 
Go 
© 


Maximum positive peak Aue tatge ff ke te | 

output voltage swing | ere. | 25 38 

Fullrange | 25 
25°C | -25 -35 

mee f0KO | 25°C 

: Fullrange | -25 


wo 


Maximum negative peak 


Vom — 
OM output voltage swing 


Large-signal differential 
voltage amplification 


A 
VD See Note 6 


j__Tnpat resistance Po eee oe 
| ___Input capaciance___—| Ss | 


75 93 
Common-mode 
CMRR it ; 75 92 
rejection ratio cs % 
Supply-voltage 
ksyvR rejection ratio : 75 98 
(AVoc +/ AVIo) 75 97 : 
Supply current ef) <2 
loc ieeomemesr | See Nae, 


(four amplifiers) 


T Full range is 0°C to 70°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tq = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. ForVoc+ = t5V,Vo = +2.3V; atVoc+ = +15V,VoO = +10V. 
9. This parameter is tested on a sample basis for the TLO51A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TLO51C, TLO51AC 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


operating characteristics 


Voco+ = +t5V Veoc+ = +15V 
PARAMETER TEST CONDITIONS Tat NGS Rte 


Positive slew rate 15 23.7 
Ry =-2kO 13 24.1 

. | 1322.6 
ee Po [aes aoe) 
See Figure 1 and Note 7 : : 
1319.9 
1319.9 
SS aaa Pea Bes eat 
Se oS aaa aes Pee 
Pare We | ceca eoachanren 0 aro | 
RL = 2kQ, RS. Se ee aes 


Cy, = 100 pF, 
See Figures 1 and 2 


at unity gain 


Negative slew rate 
at unity gain 


tr Rise time 


2 


tf Fall time 


Overshoot factor 


Equivalent input noise 


Ed A 
voltage (see Note 10) i eee ee a 


y Peak-to-peak equivalent 10 Hz to é 
NPP eh ans noise varteg? 10 kHz cathe 
noise current 
1 ae See ne 8 ; 


V; = 10 mV, Ry = 2ko, ee oe 


Ci = 25pF, See Figure 4 


‘ Rs = 100Q, 


See Figure 3 


Operational Amplifiers 


Unity-gain bandwidth 


Phase margin 
at unity gain 


Vij = 10 mV, Ry = 2kQ, 
C. = 25pF, See Figure 4 


t Full range is 0°C to 70°C. 
NOTES: 7. ForVoco+ = +5V, Vipp = +1V; forVoc+ = +15V, Vipp = +5 V. 
8. ForVoc+ = t5V, Vo(rms) = 1 V; for Voc + = +15V, Voirms) = 6 V. 
10. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 
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TLO51, TLOS1A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


CL 
(see 
Note A) 


NOTE A: Cy includes fixture capacitance. 


FIGURE 1. SLEW RATE, RISE/FALL TIME, 
AND OVERSHOOT TEST CIRCUIT 


Sisipijduiy jeuoiessdC eS 


FIGURE 3. NOISE VOLTAGE TEST CIRCUIT 


typical values 


Typical values as presented in this data sheet 
represent the median (50% point) of device 
parametric performance. 


input bias and offset current 


At the picoamp-bias-current level typical of the 
TLO51 and TLO51A, accurate measurement of the 
bias current becomes difficult. Not only does this 
measurement require a picoammeter, but test 
socket leakages can easily exceed the actual 


device bias currents. To accurately measure these small currents, Texas Instruments uses a two-step process. 
The socket leakage is measured using picoammeters with bias voltages applied but with no device in the socket. 
The device is then inserted in the socket and a second test that measures both the socket leakage and the 
device input bias current is performed. The two measurements are then subtracted algebraically to determine 


the bias current of the device. 
noise 


Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet 


OVERSHOOT | 


10% 
| 
+ tp— RISE TIME 


FIGURE 2. RISE TIME AND OVERSHOOT 
WAVEFORM 


10 kQ 


CL 
(see 
Note A) 


NOTE A: C,_ includes fixture capacitance. 
FIGURE 4. UNITY-GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 


GROUND SHIELD _VCC+ 


FIGURE 5. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 


specific application requirements. Please contact the factory for details. 
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TLO51, TLOS1A 
| ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
table of graphs 


Input offset voltage Distribution Xe ase eee ae 
Temperature coefficient ye 

aviO Distribution 
of input offset voltage 

iO Input offset current 


| Input bias current se 
IB P vs Temperature 
vs 10 
11 
14 


V 
Vy Input voltage range cc 


Vic 
vs Temperature 
Yo Output voltage 
vs Voc 
Maximum peak output Output current 18, 19 
voltage swing Frequency 15, 16, 17 
Temperature 20, 21 
RL 
Differential voltage amplification Frequency 
vs Temperature 
vs Frequency 


CMRR Common-mode rejection ratio 
vs Temperature 


Vv 
KsyR Supply-voltage rejection ratio 
s 


vs Voc 
los Short-circuit output current vs Time 


vs Temperature 


Operational Amplifiers B® 


vs 

vs Temperature 

Vv 

vs Voc 43 
vs Temperature 44 
45 


Phase margin 46 
47 


Phase shift 


eS Smail-signal 48 
ulse response Large-signal ai 
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TLO51, TLOS1A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


Percentage of Units — % 


lip and lio — Bias and Offset Currents — nA 


2-284 


TYPICAL CHARACTERISTICS? 


DISTRIBUTION OF TL051 
INPUT OFFSET VOLTAGE 


433 Units tested from 1 wafer lot 
Veco += +15V 

Ta = 25°C 

P Package 


-1.5 -03 0 03 0.9 1.5 


-0.9 
Vio — Input Offset Voltage — mV 
FIGURE 6 
INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


| Mt 
ME NL 
Ne 


oF 
areas 


SY al emt rs 
* le) | 
printer < 
ere S 
eo J 
a oO 
\ 2 n 
Bris) g & 
ee : 
—— Ss 
TE Ee a 
oo Sera £ 
Steere oy I 
a 


¥ 


25 45 65 85 105 125 
Ta — Free-Air Temperature — °C 
FIGURE 8 


Percentage of Units — % 


DISTRIBUTION OF TLO51 
INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT 


Voc + = +15V 
Ta = 25°C to 125°C 


0 
-25-20-15-10 -5 0 5 10 15 20 25 
ayio — Temperature Coefficient — .V/°C 


FIGURE 7 


INPUT BIAS CURRENT 
vs 
COMMON-MODE INPUT VOLTAGE 


Vcc + = +15V 


Vic — Common-Mode Input Voltage — V 
FIGURE 9 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO51, TLO51A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


COMMON-MODE 


COMMON-MODE 


INPUT VOLTAGE RANGE LIMITS INPUT VOLTAGE RANGE LIMITS 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


CA 
era 
ae 


POSITIVE LIMIT 


Vic — Common-Mode Input Voltage — V 


NA seaarveer 


GATIVE LIMIT Be 


er 
POSITIVE LIMIT 8 


Vic — Common-Mode Input Voltage — V 
So 


” 

his 

2 

_5 — 

2. 

10 5 

7aY Gee as a es 

ewan | 

— 20 2) 

0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 7§ 100 -125 ‘~~ 
\Voc +|- Supply Voltage - V T, — Free-Air Temperature — °C © 
FIGURE 10 FIGURE 11 4 

Oo 

OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs VS 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 


Vo — Output Voltage — V 


Vcc + = +15V 
Ta = 25°C 


Vo — Output Voltage — V 


— 400 — 200 0 200 400 
Vip — Differential Input Voltage — .V Vip — Differential Input Voltage — LV 
. FIGURE 12 FIGURE 13 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO51, TLO5S1A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS VS 
SUPPLY VOLTAGE FREQUENCY 


30 


INE GEE 
YA Ta = — 55°C 


10 


Vom — Maximum Peak Output Voltage — V 


Vopp — Maximum Peak-to-Peak Output Voltage — V 
a 


siaipyduy jeuoneisdgo ms 


esas stt LAI 
a 
oj MBAaR Be cael Ba 9 cml hal i's ll 
0 2 4 6 8 10 12 14 16 10 k 100 k 1M 10M 
Voc +|- Supply Voltage - V f — Frequency — Hz 
FIGURE 14 FIGURE 15 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

VS VS 

FREQUENCY FREQUENCY 

30 30 
= cE += Ta = 25 Cc os pe ee a. Ta = 25°C 


See 

| Veo ee t5V) | + ee 5V 

UUW EUSA UH 
limes mL 


CUI Uh 
CATIA TANT HAT 
a 

ae 


Voc += t5V 


5 Sarin 


20 20 


15 15 


ee | 
Cg 
i 


10 10 


Vopp — Maximum Peak-to-Peak Output Voltage — V 
Vopp — Maximum Peak-to-Peak Output Voltage — V 


10k 100 k a 10M 10k 100 k 10M 
f — Frequency — Hz f — Frequency — es 
FIGURE 16 FIGURE 17 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO51, TLOS1A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS*t 


MAXIMUM PEAK OUTPUT VOLTAGE 


VS 
OUTPUT CURRENT 


|Vom|— Maximum Peak Output Voltage — V 


APES 
SE ee Si 


ie Buinsh ea! a: 
FIGURE 18 


MAXIMUM PEAK OUTPUT VOLTAGE 


VS 
FREE-AIR TEMPERATURE 


=== 


Vom — Maximum Peak Output Voltage — V 


-5 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 20 


|Vom|— Maximum Peak Output Voltage — V 


Vom — Maximum Peak Output Voltage — V 


— 16 
-75 -50 -25 0 25° 8075 100425 


MAXIMUM PEAK OUTPUT VOLTAGE 


VS 
OUTPUT CURRENT 


Voc += +15V 
Ri = 10 kQ 


SEE 


a 
CECE 


Sie iia oes a a 
FIGURE 19 


50 


MAXIMUM PEAK OUTPUT VOLTAGE 


VS 
FREE-AIR TEMPERATURE 


FES Se 


Ry = 2kQ 
VOM + 
pvom- [| [meee | 
ROTISSERIE SPRUE AR cere 
i Lee 


Ta — Free-Air Temperature — °C 


FIGURE 21 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO51, TLOS1A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS? 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 
VS 
LOAD RESISTANCE 


Ayp — Differential Voltage Amplification — V/mV 


0.4 1 4 
R,_ — Load Resistance — kQ 


FIGURE 22 


siayduiy jeuonesedg 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


Ayp — Differential Voltage Amplification — V/mV 


0 
-75 -50 -25 0 2 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 24 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


VS 
FREQUENCY 


Veco += +15V 
2 kQ 
25 pF 
25°C 


Ayp — Differential Voltage Amplification 
Phase Shift 


“140 100 1k # 10k 100k 1M 10M 
f — Frequency — Hz 


FIGURE 23 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 
VS 
FREE-AIR TEMPERATURE 
EATS PE CRAP IED GID Daa | EN AS ee SE ee 
Sarat Sereon Seno ioe cnaas Same ve Eee 


SaMinied SE Pes SiMe Es Ea Bow Gr ae a, 
Po fee ee ae 


Ri = 10kQ 


Ayp — Differential Voltage Amplification — V/mV 


-75 -50 -25 0 2 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 25 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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CMRR — Common-Mode Rejection Ratio — dB 


CMRR — Common-Mode Rejection Ratio — dB 


TLO51, TLOS1A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS* 


COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


Voco+=+5V 
Ta = 25°C 


10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz 


FIGURE 26 
COMMON-MODE REJECTION RATIO 


vs 
FREE-AIR TEMPERATURE 


Vic = Vicr min 


-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 28 


CMRR — Common-Mode Rejection Ratio — dB 


Zo — Output Impedance — Q 


“tk 10k 


COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz 


FIGURE 27 
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OUTPUT IMPEDANCE 
VS 
FREQUENCY 


Voc+ = +15V 
Ta = 25°C 
lg (open loop) = 250 Q 


100 k 1M 
f — Frequency — Hz 


FIGURE 29 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS? 


SUPPLY-VOLTAGE REJECTION RATIO SHORT-CIRCUIT OUTPUT CURRENT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Vo = 0 ee: 
Ta = 25°C ee 99 


110 


106 


102 


ee 


Vip = — 100 mV 


KsypR — Supply-Voltage Rejection Ratio —- dB 
los — Short-Circuit Output Current —-mA 


sisipyduiy jeuoieisdg 


90 
-75 -50 -25 0 25 50 7o’"100 125 0 2 4 6 8 10 12 14 16 
Ta — Free-Air Temperature - °C \Vec +|- Supply Voltage - V 
FIGURE 30 FIGURE 31 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
vs Vs 
TIME FREE-AIR TEMPERATURE 


Vip = 100 mv 


los — Short-Circuit Output Current —-mA 
los — Short-Circuit Output Current — mA 


Ta = 25°C 


-75 -50 -25 0 25 50 $75 100 125 
Time — Seconds Ta — Free-Air Temperature — °C 


FIGURE 32 FIGURE 33 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS*™ 


SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 


Ta = 25°C 
Ta = —55°C 
Ta = 125°C 


Cee Supply Current -mA 


0 2 4 6 8 10 12 14 16 
Vcc +|- Supply Voltage - V 


FIGURE 34 


SLEW RATE 
VS 
LOAD RESISTANCE 


Bani 


Loe 
ea Zon 


25 


20 


SR — Slew Rate — V/s 


Vcc += +5V 
Ci = 100 pF 
Ta = 25°C 
See Figure 1 


R,_ — Load Resistance — kQ 
FIGURE 36 


co eee Supply Current —-mA 


0 
-75 -50 -25 0 25 50 $75 ° 100 = 125 


I 
id 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 


Aa 


Ta — Free-Air Temperature — °C 


FIGURE 35 
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SLEW RATE 
VS 
LOAD RESISTANCE 


SR — Slew Rate — V/s 


C_ = 100 pF 


Ta = 25°C 
See Figure 1 
1 4 10 40 100 


R,_ — Load Resistance — kQ 
FIGURE 37 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


SLEW RATE SLEW RATE 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


4 4 
2 > > 
| 
2 2 
© © 
cc cc 
~ ae 
io : 
5 ° & 
o> Veco += +5V 
(e) Ry = 2kQ 
= Cy, = 100 pF 
— See Figure 1 
> 0 0 
= -75 -50 -25 0 25 50 75 100 125 =75 =60 +25 -0 25 'S0 ‘78 100 125 
“ Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
= FIGURE 38 FIGURE 39 
@ ‘ 
PP OVERSHOOT FACTOR EQUIVALENT INPUT NOISE VOLTAGE 
VS VS 
LOAD CAPACITANCE FREQUENCY 
MEST SES MMSE OS 
iz I Ae Ld 
> 
Cc 
® 
- = Voc + = +5V g 
5 he > 
VX 8 
vi } 
~ - 
8 me += 1t15V < 
ie a 
of £ 
$ - 
Oo 2 114 
// as Vipp = +10 mv g UA 
Rp = 2kQ 5 
Ta = 25°C 1 
See Figure 1 > 
0 50 100 150 200 250 300 10 1k 10k 100 k 
C;_ — Load Capacitance — pF f — Frequency — Hz 
FIGURE 40 FIGURE 41 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS? 
TOTAL HARMONIC DISTORTION 


UNITY-GAIN BANDWIDTH 


VS VS 
FREQUENCY SUPPLY VOLTAGE 
4 N 
| = 
; 
= s 
= 3S 
: : 2 
9 E 2. 
c 
2 F “ 
5 © nee 
: g © 
3 =S € Vi = 10 mv — 
49 in RL = 2kQ Q. 
a =H x C, = 25pF = 
x Be Ta = 25°C o< § 
ill See Figure 4 mnie 
o 
0 2 4 6 8 10: 2 4 16 5 
f — Frequency — Hz Vcc +|- Supply Voltage - V ‘~~ 
4°) 
FIGURE 42 FIGURE 43 o 
2. 
UNITY-GAIN BANDWIDTH PHASE MARGIN oO 
VS VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
r 
” 
tT 8 
i D 
3 S 
3 
= > 
a o 
£ = 
s 3 
3 = 
= a 
5 jl 
| = 
oa s 
fee) 
See Figure 4 
0 
-75 -50 -25 0 25 «50 75 100 125 0 2 4 6 8 12° 2. 6 
Ta — Free-Air Temperature — °C Voc +| — Supply Voltage — V 
FIGURE 44 FIGURE 45 
TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


PHASE MARGIN PHASE MARGIN 
vs | vs 
LOAD CAPACITANCE FREE-AIR TEMPERATURE 
Vi = 10mV 
Rp = 2kQ 
Ta = 25°C 
3 See Figure 4 3 
yy el g 
£ s 
S g 
ae = 
et 7 
pe} 
= € € 
=} 
2. 
> 0 10 20 30 40 50 60 70 80 90 100 -75 -50 -25 0 2. 50 - 76 62100. 125 
2 C,_ — Load Capacitance — pF Ta — Free-Air Temperature — °C 
ome FIGURE 46 FIGURE 47 
Oo 
PP; VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 
E , 
) 2 
i] eo 
3 $ 
= ~ 2 kQ 
£ S 100 pF 
8 ) 25°C 
2 S 
0 e294 $6. 82° -1218- 12 
t-— Time —ys 
FIGURE 48 FIGURE 49 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 11: Values of phase margin below a load capacitance of 25 pF were estimated. 
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TYPICAL APPLICATION DATA 


output characteristics 


All operating characteristics (except bandwidth and phase margin) are specified with 100-pF load capaci- 
tance. The TL051 and TL051A will drive higher capacitive loads; however, as the load capacitance increases, 
the resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation. 
The value of the load capacitance at which oscillation occurs varies with production lots. If an application 
appears to be sensitive to oscillation due to load capacitance, adding a small resistance in series with the load 
should alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if enough resistance is 
added in series with the output (see Figure 50). 


(a) CL = 100pF,R = 0 (b) C_ = 300pF,R = 0 (c)C, = 350 pF,R = 0 


Operational Amplifiers Be 


(d)C_ = 1000 pF,R = 0 (e) CL 1000 pF, R = 502 (f) CL = 1000 pF, R = 2kQ 
FIGURE 50. EFFECT OF CAPACITIVE LOADS 


Vo 


CL 
(see Note A) 


2kQ 


NOTE A: C,_ includes fixture capacitance. 


FIGURE 51. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 


wy 
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TLO51, TLOS1A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


input characteristics 


The TLO51 and TLO51A are specified with a minimum and a maximum input voltage that, if exceeded at either 
input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLO51 and 
TLO51A are well suited for low-level signal processing; however, leakage currents on printed circuit boards and 
sockets can easily exceed bias current requirements and cause degradation in system performance. It is good 
practice to include guard rings around inputs (see Figure 52). These guards should be driven from a low- 
impedance source at the same voltage level as the common-mode input. 


Vi 
Vo 
Vv) 
Vo 
Vo 
1 = 7 vy 


(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER 
FIGURE 52. USE OF GUARD RINGS 


noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLO51 and TLO51A result in a very low current noise. 
This feature makes the devices especially favorable over bipolar devices when using values of circuit 
impedance greater than 50 kQ. 
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ENHANCED JFET PRECISION 
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TYPICAL APPLICATION DATA 


phase meter 


The phase meter in Figure 53 produces an output voltage of 10 mV per degree of phase delay between the 
two input signals Va and Vp. The reference signal Va must be the same frequency as Vp. The TLC3702 
comparators (U1) convert these two input sine waves into + 5-V square waves. Then R1 and Ré4 provide level 
shifting prior to the SN74HC109 dual J-K flip flop. 


Flip-flop U2B is connected as a toggle flip-flop and generates a square wave at half the frequency of Vp. Flip- 
flop U2A also produces a square wave at half the input frequency. The pulse duration of U2A varies from zero 
to half the period, where zero corresponds to zero phase delay between Va and Vp and half the period 
corresponds to Vp lagging Va by 360 degrees. 


The output pulse from U2A causes the TLC4066 (U3) switch to charge the TL051 (U4) integrator capacitors 
C1 and C2. As the phase delay approaches 360 degrees, the output of U2A approximates a square wave, 
and U4 has an output of almost 2.5 V. U5 acts as a noninverting amplifier with a gain of 1.44 in order to scale 
the 0- to 2.5-V integrator output to a 0- to 3.6-V output range. 


R8 and R10 provide output gain and zero-level calibration. This circuit operates over a 100-Hz to 10-kHz 
frequency range. 


+5V 


100 kQ +5V C2 
° 0.016 LF 
fF : 


R6 


10kQ2 10kQ > 
aes | Te 


1 
RS 310 kQ a | 


Operational Amplifiers ie 


20 kQ 


NOTES: U1 = TLC3702; Voc + = +5V. 
U2 = SN74HC109. 
U3 = TLC4066. 


FIGURE 53. PHASE METER 
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TYPICAL APPLICATION DATA 


precision constant-current source over temperature 


A precision current source benefits from the high input impedance and stability of Texas Instruments enhanced 
JFET process. A low-current shunt regulator maintains 2.5 V between the inverting input and the output of 
the TLO51. The negative feedback then forces 2.5 V across the current setting resistor R; therefore, the current 
to the load is simply 2.5 V divided by R. 


Possible choices for the shunt regulator include the LT1004, LT1009, and LM385. Note that if the regulator's 
cathode connects to the op amp output, this circuit will source load current. Similarly, if the cathode connects 
to the inverting input, the circuit will sink current from the load. To minimize output current change with 
temperature, R should be a metal film resistor with a low temperature coefficient. Also, this circuit must be 
operated with split voltage supplies. 


150 pF 150 pF 


siaiyduy jeuoieisdg ae 


Load d Load i 
V = 0to10V V = Oto-10V 
(a) SOURCE CURRENT LOAD (b) SINK CURRENT LOAD 
NOTES: U1 = TLOS51. 
U2 = LM385, LT1004, or LT1009 voltage reference. 


l= ae R = Low temperature coefficient metal film resistor. 


FIGURE 54. PRECISION CONSTANT-CURRENT SOURCE 
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D3235, JUNE 1988 — REVISED FEBRUARY 1989 


@ Maximum Offset Voltage ... 800 1.V(TLO52A) @ LowNoise Voltage ... 19 nV/VHz 


Typ at f= 1kH 
@ High Slew Rate ... 17.8 V/us Typ at 25°C ia 3 


@ Low Input Bias Currents ... 30 pAT 
@ Low Total Harmonic Distortion ... 0.003% ses cea pA Typ 
Typ at Ry = 2 kQ 


D, JG, or P PACKAGE FK PACKAGE L PACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) 
eee Vee 
= a 
1ouTt}i U ef] Vcc, aS ee 
1IN-|]2 7|_| 2 OUT : wt 
1IN+(J3 6, ] 2IN- SS ae 2 
5 
Voc - |} 2IN+ Nc []4 18[] NC 
1IN-[]5 17[] 2 OUT ” 
NC []6 16[] NC o 
1IN+{]7 1s[}2IN- . = 
Nc [le 14[] NC Pin 4 is in electrical contact with the case = 
o- 10> T1123 = 
26228 a § 
RS om 
N co 
NC — No internal connection = 
2 
description oc 
ites 
The TLO52 and TLO52A dual operational amplifiers incorporate well-matched, high-voltage JFET and bipolar ©® 
transistors in a monolithic integrated circuit. These devices offer the significant advantages of Texas ra 


Instruments new enhanced JFET process. This process affords not only low initial offset voltage due to the 
on-chip zener trim capability but also stable offset voltage over time and temperature. In comparison, 
traditional JFET processes are plagued by significant offset voltage drift. 


This new enhanced process still maintains the traditional JFET advantages of fast slew rates and low input 
bias and offset currents. These advantages coupled with low noise and low harmonic distortion make the 
TLO52 well-suited for new state-of-the-art designs as well as existing design upgrades. The TLO52 has been 


a is 800 nV | TLOS2AID —  TLOS2ANG TLOS2AIL TLOS2AIP 
85°C |1500 pV | TLO521D ——- TLO521JG TLO52IL TLOS2IP 


DISTRIBUTION OF TLO52A 
INPUT OFFSET VOLTAGE 
20 
403 Amplifiers tested from 1 wafer lot 
AVAILABLE OPTIONS Voc + = 15V 
- us Ta = 25°C 
t, |“lO™ax| sMaLL- CHIP CERAMIC = METAL_PLASTIC 4 ic ccad 
A |aT 25°C| OUTLINE CARRIER DIP CAN DIP = 
(D) (FK) (JG) (L) (P) = 
vg 800 nV |TLO52ACD —- _ TLOS2ACJG TLOS2ACL TLO52ACP = 10 
7o°c [1500 nV |TLO52cD —  TLO52CJG  TLOS52CL TLOS2CP : 
= 
8 
® 
a 


= 800 wV | TLOS2AMD TLOS52AMFK TLOS2AMJG TLO52AML TLOS2AMP 
425°C |1500 nV |TLO52MD TLOS2MFK TLO52MJG TLOS52ML TLO52MP 


D packages are available taped-and-reeled. Add "R" suffix to device type (e.g., 


-900 -600 -300 0 300 600 900 


Vio — Input Offset Voltage — .V 


Copyright © 1989, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information 

current as of publication date. Products conform to 

Hpi po a 7 hen of Texas acsp meg TEXAS 2-299 
andard warranty. Production processing does no ~ 

necessarily include testing of all parameters. INSTRUM ENTS 
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description (continued) 


designed to be functionally compatible, as well as pin compatible, with the TLO72 and TLO82. Two offset 
voltage grades are available: TLO52 (1.5 mV max) and TLO52A (800 pV max). 


A variety of available packaging options includes small-outline and chip carrier versions for high-density 
system applications. 


The M-suffix devices are characterized for operation over the full military temperature range of — 55°C to 
125°C. The |-suffix devices are characterized for operation from — 40°C to 85°C, and the C-suffix devices are 
characterized for operation from 0°C to 70°C. 


? equivalent schematic (each amplifier) 
VCC + 


JF3 
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symbol (each amplifier) 
IN - 
IN + 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


PERE Pr 5 (SEE TN a iss os ue ah 4 hagas pus ieaggs oe alm bio wv ow vs ptginglamees Fe 68 18 V 
Ian RI 1 MEU PODER. ties cs. «i shale ey SVS Ca vee sang een 8 hee veh ws ba ore -18V 
Cir erer ntti SG hy ics e ale R pared eer s wa Cates be é ie ena ds Rew Powe Re +30 V 
Input voltage range, V; (any input, see Notes 1 and 3)... 1.0... 0... cee eee eee nee +15V 
MN Ae itr h  I tita s oe a te Vor Poo betaine OL wh Gables bg ma ky ocr WAGE Cae +1mA 
CIDE? CLINE ti CCM ORUIMIEL 5's <x oi SUDEP AUS po ce ss Celt Poips rake bis Sy 0G «0 as © cere pee ee +80 mA 
EAGER ARC OON PUR eis MOTION 5 ie ead a cm, OSD RY Aa og GEL eA OP RA «gn aeee bd Kae Wee 160 mA 
TOlal CUNPGAL OL GF Vere. 1GTMINGD ioe hOB Sch aia cae hee ge ey eet TOL ay alee ..... 160MA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ......... 0. cece eee Unlimited 
CCOMURUOUE IOTarGeSIORTION) 90 055 snes 535 Dead vlae ae vow a care se ad Ws See Dissipation Rating Table ? 
Operating free-air temperature, Ta: M-suffix ....... 0... cece eee eee eee — 55°C to 125°C 

Re seach era oe. en 2 ha 5s eee eel I — 40°C to 85°C 

UPN Ars Lace ty ue ate Ce AF lig wok ee wage ae 0°C to 70°C 
Storage temperature range. ............ 0. eee eae 5 toe i OR RUNS sco c.t es ONS — 65°C to 150°C 
Case temperaitire for GO:seconds: Fi package si... ... 6 63 2. 5 VD ON vk on ee eee eyes 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package................ 300°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc , and Vcc _. 


1 

2. Differential voltages are at the noninverting input with respect to the inverting input. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 

4. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 
maximum dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Tg =25°C POWER RATING POWER RATING POWER RATING 
725 mW 5.8 mW/°C 
1375 mW 11.0 mW/°C 
1050 mW 8.4 mW/°C 
825 mW 6.6 mW/°C 
1000 mW 8.0 mW/°C 


” 
Be 
A 
md 
a 
E 
= § 
C 
S 
2 
~ 
4) 
4 
® 
o. 
PACKAGE © 


recommended operating conditions 


a a ee stale 
Supply voltage, Voc ie 
: See: Yoon - £5 = 
ormmornipoge Neput votage, Nic. fe CIRY 
Operating free-air temperature, Ta = 55 125 et 
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NSTRUMENTS 


POST OFFICE BOX 655012 » DALLAS, TEXAS 75265 


TLO52M, TLO5S2AM : 
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DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics 


Ve ned bx Voc: = 415V 
PARAMETER TEST CONDITIONS Tit Ss U 
MIN. TYP MAX | MIN TYP MAX 
+i SOM O79 BS: [0 0.68 oS 4 
Fulttange:). 25S SOME BS] Sn Ai eons a6 
ae 0.51 2.8 
Fullrange | 5B 
Tams 10 
125°C 
TLos2am | °C to 
125°C 
Pee ee 


Vio Input offset voltage 


Temperature coefficient 
of input offset voltage 


Input offset voltage 
long-term drift (see Note 5) 


aVIO 


2 


Vo = 0, Vic = 0, 
Te) Input offset current O IC 5 
ane 125%0 
| Input bias current Vo = 0, Vic = 9, 
: : See Figure 5 125°C 3 


O 

xo) 

@ 

= 

4 

a —1 -2.3 

fa) Common-mode input 4 5.6 : 

es . voltage range -1 — 11 

= 4 11 

oi Be ta 

a Maximum positive peak ‘ 

® output voltage swing = [> 

7 a [Fullrenge. |; 280. pase 

ee 

Maximum negative peak | L = '0K® rT ec hes eo eer 
output votage swing [ogg ; 


Large-signal differential 
voltage amplification 


rj Input resistance 
Cj Input capacitance 


Common-mode 
rejection ratio 


Ry = 2kQ, 


AVD See Note 6 


Vic = VicR min, 
Vo = 0, 
Rg = 502 
Voc + = £5 Vto+15V, 
Vo = 0, 
Rg = 502 


CMRR 


Supply-voltage 
KsyvR rejection ratio 
(AVcc +/ AVi¢c) 


Supply current 
(four amplifiers) 


No load, 
Vo = 0 


120 


t Full range is — 55°C to 125°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T 4 = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. ForVcoc+ = £5V,Vo = +2.3V; atVoo+ = +15V, Vo = +10V. 
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operating characteristics 


V = +5V V = +15V 
PARAMETER TEST CONDITIONS Tat cc + UNIT 
MIN. TYP MAX | MIN TYP MAX 


Pee cee 
e 
2) a RS are Many AE 
ee a Ta 
See PCa Oe 


Positive slew rate 
at unity gain 


RL = 2kQ, 
Ci = 100 pF, 
See Figure 1 and Note 7 


Negative slew rate 
at unity gain 


tr Rise time 


Vipp = +10 mV, 
RL = 2kQ, 

Cy, = 100 pF, 

See Figures 1 and 2 


tf Fall time 


Overshoot factor 


Equivalent input noise 
nN voltage 


ES 21 se eS aVNFE 
ee 


V Peak-to-peak equivalent 10 Hz to : 
NPP input noise voltage 10 kHz = 
noise current 
im tame [oe oem [come | 
at kHz, See ee 8 ; 


Vj = 10 mV, Ry = 2kQ, og mean en mn ise 

Ci = 25pF, See Figure 4 a arr ae MHz 

125°C 
ie ace 


Rg = 100 Q, 
See Figure 3 


By Unity-gain bandwidth 


Phase margin Vj = 10 mV, Ry = 2kQ, Err SORaR AIRE | 
m 


at unity gain C, = 25 pF, See Figure 4 


iC.) ee ee a as a re 
tT Full range is — 55°C to 125°C. 


NOTES: 7. ForVoc+ = +5V, Vipp = +1V;forVoo+ = +15V, Vipp = +5V. 
8. For Voc + = +5 V; Vo(rms) = 1 V; for Veoc+ = +15 V, Vo(rms) = 
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electrical characteristics 


Vooz = #5V_| Vocs=215V_ 
PARAMETER TEST CONDITIONS Tal UNIT 
MIN TYP MAX MIN TYP MAX 


= 5 073 35| 06515 | 
fulioogs| ee ee 

ca ee ee ae 
Fulwnge a Le | 


ar eee 
25°C t ide 
TLOS52AI e 
85°C 
ao a 


Vio Input offset voltage 


Temperature coefficient 
aVvIO of input offset voltage 
(see Note 9) 


| Input offset voltage 
long-term drift (see Note 5) 


Vo = 0,Vic = ©, a S| ET 
lio Input offset current O ; IC 
See Figure 5 cs eS Te 

, Vo = 0,V oO he 
lip Input bias current ; 0 Ic * 
See Figure 5 ee ae 07 20| nA 


Common-mode input 


voltage range - i 
Full range 
z 
aC |} a 42 | 8 AS 
ee ae 
Vay. Maximum positive peak UT 1 REC aS Rae Be 
OM + output voltage swing | 25 26 88 | 18 127 
Ry = 2kQ 
ae PS ee 
arc [25 -35 | 12-192 
SS BEE ae 
: Maximum negative peak | ck Ses eis UTC eee Oe 
OM output voltage swing Se aE DSS ES a ee Ee ee 2) a 
L = 


inet. Sr 
[asc [25 69 ~*«|~=80 108 
3 74 


Large-signal differential Ry = 2kQ, 
voltage amplification See Note 6 


30 76 
io mina ee ee ee ee ge 
LSE A UO GA a A 


Vic = Vicor min, 


Avp 


Common-mode 
rejection ratio 


Supply-voltage 
ksvpR rejection ratio 
(AVoc +/ AVC) 


oC | a Be 48 5.6 
Supply current No se 

(four amplifiers) Vo = el ee ES 2 + ieee: SaaS - mA 
Vo1/Vo2 Crosstalk attenuation Avp = 100 Ce SS aS ae eR aS SE 


t Full range is — 40°C to 85°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. ForVoc+ = t5V,Vo = +2.3V; atVoo+ = £15 V,Vo = +10V. 
9. This parameter is tested on a sample basis for the TLO52A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TLO52I, TLOS2Al 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


operating characteristics 


Vec+ = t5V Vec+ = t15V 
PARAMETER TEST CONDITIONS Tat overt SN 


OSE Se ea. ee eee ee 2 ee ee 
= Sie, One ee St a 
eS Se ei eee ee are eer 
= ie eee Meee Ee 
= See Se eS ESS 
Ses Se ae * ee ee Be se ees 
SS ES BR Se si neds sao ea 
Eo Be Rae eee es eee 
Sei ee ee 
Overshoot factor 

vy Equivalent input noise pias oes Ane Oe ol ee: = a Bee eee ee 
N voltage (see Note 10) | Rg = 1002, eS dei 


y Peak-to-peak equivalent | See Figure 3 10 Hz to 
NPP input noise voltage 10 kHz 
Equivalent input 
noise current 
ps = 1kQ, RL = : = 
THD Total harmonic distortion = 4 bis. . en ee A 25°C 0.003% 0.003% 


i ee ee 
oe 
ro =e} 38 + 38 a 
: i ee as Se 
Phase margin i= » RE = 2kQ, 


t Full range is — 40°C to 85°C. 
NOTES: 7. ForVoo+ = t5V, Vipp = +1V;forVoo+ = +15 V, Vipp = +5 V. 
8. ForVoc+ = +5V, Vo(rms) = 1V; forVoco+ = +15 V, Vo(rms) = 6V. 
10. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 


Positive slew rate 
at unity gain 


Ri = 2kQ, 
Cy = 100 pF, 
See Figure 1 and Note 7 


Negative slew rate 
at unity gain 


tr Rise time 


2 


Vipp = +10 mV, 
Re = 2kQ, 

Cy = 100 pF, 

See Figures 1 and 2 


t; Fall time 


Operational Amplifiers 


By ——_Unity-gain bandwidth 


%m 
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TLO52C, TLOS2ZAC 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics 


Tat Veoc+ = t5V Vec+ = t15V 
MIN TYP MAX 


Vio Input offset voltage Exirange 051. 28 ar Yd 
TLO52AC : 
CE RR ae OE arerceaaes 68 


Temperature coefficient = TLO52C saiedles 
70°C 
avIO of input offset voltage OBC t wV/°C 


Input offset voltage 
long-term drift (see Note 5) 


Ope Ceres ce E.R 
Input offset current O IC a 5 100 


2 


See Figure 5 ite et] toast | nA 
| Vo = 0,Vic = 0, CMBR i i eens eer s 
lip Input bias current 0 IC 30__ 200 


See Figure 5 me | ee eel eee a A 


Common-mode input 
voltage range 


Maximum positive peak 
output voltage swing 


ee 26 oles a6) oT 


Ssiaipyduiy jeuoieisdg 


ei es ee 

RL = 10kQ ac, | -25 -35 | -12 -13.2 
Vom. Maximum negative peak Fabregas SP | 
rr manage at arc [-23 -32 | =~ 12 


Large-signal differential RL = 2kQ, 
voltage amplification See Note 6 


=e PE = Pe fo ee aa ee age ea 
Gis. mem espacianpe 2c ca ee oe ee 


Common-mode 
rejection ratio 


AvpD 


CMRR 


Supply-voltage 
ksvR rejection ratio 


(AVcc +/ AVio) S = 7597 7597 
Supply current No load, 2h. 8 = hae 
loc i 47 aN 48 6.4 | mA 
(four amplifiers) Vo = 0 
44 6.4 46 6.4 
Vor/Vo2 Crosstalk attenuation | Ayp = 100 eee Re i ee ee 


t Full range is 0°C to 70°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. ForVoco+ = t5V,Vo = £2.3V; atVoco+ = t15V, Vo = +10V. 
9. This parameter is tested on a sample basis for the TLO52A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TLO52C, TLOS2AC 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


operating characteristics 


Veoc+ = t5V Voc+ = t15V 
PARAMETER TEST CONDITIONS Tat. | eee neey NIT 
Positive slew rate 13 20.7 

Ri = 2kQ, 


Cy = 100 pF, 
See Figure 1 and Note 7 


at unity gain 


Negative slew rate 
at unity gain 


Vipp = +10 mV, 
Ry = 2kQ, 

Cy = 100 pF, 
See Figures 1 and 2 


tf Fall time 


Overshoot factor 


nN voltage (see Note 10) Rg = 1009,| f = 0 
y Peak-to-peak equivalent | See Figure 3 
" 


Rg = 1kQ, Ri = 2kQ, 
f = 1kHz, See Note8 


nm 
ai 

° 
oO 


THD Total harmonic distortion 


Operational Amplifiers Bp 


Ri = 2kQ, 
See Figure 4 


Phase margin 
at unity gain 


Vj = 10 mV, Ry = 2kQ, 


®m Ci = 25pF, See Figure 4 


t Full range is 0°C to 70°C. 
NOTES: 7. ForVoc+ = +5V, Vipp = +1V;forVoco+ = +15V, Vipp = +5 V. 
8. ForVoc+ = +5V, Vo(rms) = 1V;forVoc+ = +15V, Vo(rms) = 6V. 
10. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 
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TLO52, TLO52A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


CL 
(see 
Note A) 


NOTE A: Cy, includes fixture capacitance. 


FIGURE 1. SLEW RATE, RISE/FALL TIME, 
AND OVERSHOOT TEST CIRCUIT 


siaiyduny jeuoneiodg ba 


FIGURE 3. NOISE VOLTAGE TEST CIRCUIT 


typical values 


Typical values as presented in this data sheet 
represent the median (50% point) of device 
parametric performance. 


input bias and offset current 


At the picoamp-bias-current level typical of the 
TLO52 and TLO52A, accurate measurement of the 
bias current becomes difficult. Not only does this 
measurement require a picoammeter, but test 
socket leakages can easily exceed the actual 


device bias currents. To accurately measure these small currents, Texas Instruments uses a two-step process. 
The socket leakage is measured using picoammeters with bias voltages applied, but with no device in the 
socket. The device is then inserted in the socket and a second test that measures both the socket leakage 
and the device input bias current is performed. The two measurements are then subtracted algebraically to 


determine the bias current of the device. 
noise 


Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 KHz. Texas Instruments also has additional noise testing capability to meet 


OVERSHOOT | Re 


10% 


| 
-—*  tp— RISE TIME 


FIGURE 2. RISE TIME AND OVERSHOOT 
WAVEFORM 


10 kQ 


CL 
(see 
Note A) 


NOTE A: C,_ includes fixture capacitance. 


FIGURE 4. UNITY-GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 


FIGURE 5. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 


specific application requirements. Please contact the factory for details. 
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ENHANCED JFET PRECISION 
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TYPICAL CHARACTERISTICS 


table of graphs 


Vio Input offset voltage Distribution Rass eS 
Temperature coefficient 
aVyIO oP Distribution 7 
of input offset voltage 
iO ____Input offset current gas Se re ec 


vs Vic 
lip Input bias current vs Temperature 
vs V 10 
V\ Input voltage range vs Le eae 


Vo Output voltage vs__ Differential input voltage 12,13 
vs Vcc 14 


Maximum peak output Output current 18, 19 
voltage swing Frequency Ve AG, Ty. 
Temperature 20, 21 
vs Ri 
Avp Differential voltage amplification vs Frequency 
vs Temperature 24, 25 


Zo Output impedance vs Frequency 


vs Frequenc 26, 27 
CMRR Common-mode rejection ratio q Y 
vs Temperature 28 
RSVR Supply-votage rection ratio 
31 


vs Voc 
vs Time 


VOM 


32 
vs Temperature 33 


vs V 34 
loc Supply current vs cane 
vs RAL 36, 37 
SR | 
38, 39 


a toon een Ee | eee pe ee eee ee 
43 
45 
46 
47 
48 


los Short-circuit output current 


Operational Amplifiers “ 


Va Equivalent input noise voliage 
THD Total harmonic distortion 


vs 
vs 
vs 

: , vs Voc 
vs 


Temperature 
Phase margin 


vs 
vs Temperature 


Phase shift 


Small-signal 
Pulse response ; 
Large-signal 
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TLO52, TLO52A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


DISTRIBUTION OF TL052 
DISTRIBUTION OF TLO52 INPUT OFFSET VOLTAGE 
INPUT OFFSET VOLTAGE TEMPERATURE COEFFICIENT 


172 Amplifiers tested from 2 wafer lots 
Voc + = +15V 

Ta = 25°C to 125°C 

P Package 

One unit at — 34.6 p.V/°C 


Voc += a> 15 V 
Ta = 25°C 
P Package 


2 


Percentage of Amplifiers —% 
Percentage of Amplifiers — % 


-1.5 - 0.9 -03 0 03 0.9 1.5 -30 -20 -10 0 10 20 30 


siaydwy jeuoneissdg 


Vio — Input Offset Voltage - mV ayjO — Temperature Coefficient — uV/°C 
FIGURE 6 FIGURE 7 
INPUT BIAS CURRENT AND : 
INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS | vs 
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE 


Vec + = +15V 


lip — Input Bias Current — nA 


—— 
Pere a2 | 
Saaee 
a 
pe se 4 
ee 
me 
oS 
aaa 


lip and lio — Bias and Offset Currents —-nA 


25 45 65 85 105 125 -15 -10 -5 0 5 10 15 
Ta — Free-Air Temperature — °C Vic — Common-Mode Input Voltage — V 
FIGURE 8 FIGURE 9 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO52, TLOS2A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS? 


COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS 


VS 
SUPPLY VOLTAGE 


re | 
POSITIVE LIMIT 


NEGATIVE LIMIT 


Vic — Common-Mode Input Voltage — V 


0 2 4 6 8 10 12 14 16 
Vcc +|- Supply Voltage - V 


FIGURE 10 
OUTPUT VOLTAGE 


vs 
DIFFERENTIAL INPUT VOLTAGE 


Vo — Output Voltage — V 


Vip — Differential Input Voltage — LV 
FIGURE 12 


COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS 


VS 
FREE-AIR TEMPERATURE 


Vic — Common-Mode Input Voltage — V 


-75 -50 -25 0 25°;"50 75 100 125 


Ta — Free-Air Temperature — °C 
FIGURE 11 
OUTPUT VOLTAGE 


VS 
DIFFERENTIAL INPUT VOLTAGE 


Vo — Output Voltage — V 


Operational Amplifiers ae 


5 
— 400 — 200 0 200 400 


Vip — Differential Input Voltage — .V 
FIGURE 13 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO52, TLOS2A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


Vom — Maximum Peak Output Voltage — V 


Vopp — Maximum Peak-to-Peak Output Voltage — V 
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TYPICAL CHARACTERISTICS? 


MAXIMUM PEAK OUTPUT VOLTAGE 
VS 
SUPPLY VOLTAGE 


0 2 4 6 8 10 12 14 16 
Voc +|- Supply Voltage - V 


FIGURE 14 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS 
FREQUENCY 


10 He 
5 IN 
CU LATO 
0 lin Ries aE 
10k 100 k 1M 10M 
f — Frequency — Hz 
FIGURE 16 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
Vs 
FREQUENCY 


Ry = 2kQ 
Voc + = +15V 


Ta = 125°C 
AL —_ Ta = — 55°C 


eos sev | 


5 ee =A 


10 k 100 k li 
f — Frequency — Hz 


FIGURE 15 


30 


2 


20 


15 


10 


10M 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS 
FREQUENCY 


30 
UIE 

PS aw Ta = 25° 

at | 


ees =a NY i 
Voc + = +t5V 
5 
, IN. Sill 
10k 100 k 1M 10M 
f-— Frequency —-Hz — 
FIGURE 17 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO52, TLO5S2A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 
TYPICAL CHARACTERISTICSt 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 


vs VS 
OUTPUT CURRENT OUTPUT CURRENT 


|Vom|— Maximum Peak Output Voltage — V 
|Vom|- Maximum Peak Output Voltage — V 
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0 
0 4 8 12 16 20 0 10 20 30 40 50 
llo| — Output Current - mA \lo| — Output Current - mA 
FIGURE 18 FIGURE 19 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
Vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


ee ee 


vom | metro] | |i 
—E 
Bi a ma 


Vom — Maximum Peak Output Voltage — V 
Vom — Maximum Peak Output Voltage — V 


S vom | | my = 2u0 sol | 
Po ea 


-75 -50 -25 0 25 50 75 a 125 -75 -50 -25 0 25 50 75 100 125 


Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
FIGURE 20 FIGURE 21 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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ENHANCED JFET PRECISION 
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TYPICAL CHARACTERISTICSt 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 
VS 
LOAD RESISTANCE 


Ayp — Differential Voltage Amplification — V/mV 


R,_ — Load Resistance — kQ 
FIGURE 22 
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LARGE-SIGNAL VOLTAGE AMPLIFICATION 
VS 
FREE-AIR TEMPERATURE 


eae eee aero ened 


Ayp — Differential Voltage Amplification — V/mV 


0 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 24 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


VS 
FREQUENCY 


Vocoi = +15V 
2 kQ 
25 pF 
25°C 


Phase Shift 


Ayp — Differential Voltage Amplification 


"10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz 


FIGURE 23 
LARGE-SIGNAL VOLTAGE AMPLIFICATION 


VS 
FREE-AIR TEMPERATURE 


100 


Ayp — Differential Voltage Amplification — V/mV 


10 
-75 -50 -25 0 25 80... 7§+. 100 125 


Ta — Free-Air Temperature — °C 
FIGURE 25 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO52, TLO52A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS? 


COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO 
VS vs 
FREQUENCY FREQUENCY 


CMRR — Common-Mode Rejection Ratio — dB 
CMRR — Common-Mode Rejection Ratio — dB 
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0 
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz f — Frequency — Hz 
FIGURE 26 © FIGURE 27 
COMMON-MODE REJECTION RATIO OUTPUT IMPEDANCE 
VS VS 
FREE-AIR TEMPERATURE FREQUENCY 
100 100 ; 
=) 
4 (95 
{Deseo 
oc e 
c 1 
S 90 8 
3S. S 
® 
x 
ao i 
) ~ 
Z 3 
2 80 6 
£ 1 
8 ? 
c 75 Vec+i = t15V 
= Ta = 25°C 
oO lo (open loop) = 250 Q 
70 " 
-75 -50 -25 0 ae:  bO- --76 -100 128 1k 10k 100 k 1M 
Ta — Free-Air Temperature — °C f — Frequency — Hz 
FIGURE 28 FIGURE 29 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Ksyp — Supply-Voltage Rejection Ratio —- dB 


los — Short-Circuit Output Current —-mA 
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TYPICAL CHARACTERISTICSt 


SUPPLY-VOLTAGE REJECTION RATIO 
VS 
FREE-AIR TEMPERATURE 


-75 -50 -25 0 25 50 75 100 125 
Tag — Free-Air Temperature — °C 


FIGURE 30 


SHORT-CIRCUIT OUTPUT CURRENT 
Vs 
TIME 


TT Preseee 
pose 


Vcc + = t 15 V 
Ta = 25°C 
0 10 20 30 40 50 60 
Time — Seconds 
FIGURE 32 
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los — Short-Circuit Output Current —-mA 


los — Short-Circuit Output Current — mA 


SHORT-CIRCUIT OUTPUT CURRENT 
VS 
SUPPLY VOLTAGE 


A 


Vip = 100 mV 


give: 
foe et bE 


Bak Saeng 
S| | | teste 


GB oe. a nee ° AG 
Voc +|—- Supply Voltage - V 


FIGURE 31 


SHORT-CIRCUIT OUTPUT CURRENT 
VS 
FREE-AIR TEMPERATURE 


She 


-75 -50 -25 0 25 50 75 100 125 


Ta — Free-Air Temperature — °C 
FIGURE 33 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO52, TLOS2A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS* 


SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 


Vo = 0 
No Load 


0 2 4 6 8 10 12 14 16 
Voc +|- Supply Voltage - V 


FIGURE 34 


SLEW RATE 
VS 
LOAD RESISTANCE 


_ nail 
/ Y 
l 


CL = 100 pF 


Ta = 25°C 
See Figure 1 


25 


0 
0.4 1 4 10 50 100 
R,_ — Load Resistance — kQ 
FIGURE 36 


2, oe Supply Current -mA 


SR — Slew Rate — V/us 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 


Sin 


ees ='t15V 


eee = +5V 


0 
-75 -50 -25 0 25 50 75 
Ta — Free-Air Temperature — °C 


FIGURE 35 
SLEW RATE 


VS 
LOAD RESISTANCE 


Voc + = t15V 
Cy = 100 pF 
Ta = 28% 
See Figure 1 


0.4 1 4 10 40 
R,_ — Load Resistance — kQ 


FIGURE 37 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO52, TLO52A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


SLEW RATE SLEW RATE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
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2 3 
> > 
2 2 
E E 
7) 7) 
rs rs 
77) 77) 
0 0 
-75 -50 -2 0 2 50 75 100 125 -75 —-50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
FIGURE 38 FIGURE 39 
OVERSHOOT FACTOR EQUIVALENT INPUT NOISE VOLTAGE 
VS VS 
LOAD CAPACITANCE FREQUENCY 
100 


Ha OA 1 pee. 
pt eet © 


Overshoot Factor — % 


V,— Equivalent Input Noise Voltage — nV/VHz 


20 F—— tt 
Vipp = +10 mV 
Ru = 2kQ 
Ta = 25°C 
See Figure 1 
10 
0 50 100 150 200 250 300 10 100 1k 10k 100 k 
Cy. — Load Capacitance — pF f — Frequency — Hz 
FIGURE 40 FIGURE 41 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO52, TLO52A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS* 


TOTAL HARMONIC DISTORTION UNITY-GAIN BANDWIDTH 
VS VS 
FREQUENCY SUPPLY VOLTAGE 
co tt 
e Peer ert Bs 
‘ Hes ig SG i ED 3 feat ont 
£ 7 
: TU TTT gg | seerrawe 
z : 2 
2 rar Sela LATE tinea Sot 5 
5 a 
E eee eerie £ a 
rd 9 
; He 3 £ 
e nese isin > row 
ea o = 
, <— 
| 
100 10k 100 k 0 2 4 6 8 10 12 14 16 3 
se Frequency — Hz Vcc +|- Supply Voltage - V ‘~~ 
4) 
FIGURE 42 FIGURE 43 o 
. 
UNITY-GAIN BANDWIDTH PHASE MARGIN oO 
VS VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
4 
” 
T $ 
i 2 
A] s 
= i 
3 £ 
Q a 
£ = 
o B 
s Voc+ = +5V to t15V 
| Vi = 10 mV € 
oO Rp = 2kQ 
Cy = 25 pF 
See Figure 4 See Figure 4 
0 
-75 -50 -25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16 
Ta — Free-Air Temperature — °C Voc +| — Supply Voltage — V 
FIGURE 44 FIGURE 45 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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ENHANCED JFET PRECISION 
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TYPICAL CHARACTERISTICS? 


PHASE MARGIN PHASE MARGIN 
VS VS 
LOAD CAPACITANCE FREE-AIR TEMPERATURE 


Vi = 10 mV 
are Re = 2kQ 
Ta = 25°C 


+1] N 1] 

® nol \ See Figure 4 o 

$ : 3 
2 \ Eas D 

RRHESKG eE i 

© is") 

= & 
Oo <«£ 7 
yy 
Se. £ Vi = 10 mV 
roy Ri = 2 kQ 
= CL = 25pF 
® See Figure 4 
> 5 

10 20 30 40 50 60 70 Ph 90 100 -75 -50 -25 0 25 50 75 100 125 
2 C,_ — Load Capacitance — pF Ta — Free-Air Temperature — °C 
= FIGURE 46 FIGURE 47 
oy 
a VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL , LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 

e ; 

: 5 

oO 

= Veco + =+15V = 

id Ss "2 kQ = 

s 5 

a 100 pF = 

3 25°C 6 

i 

o 2 


0 02 04 06 08 10 12 
t— Time - is 


FIGURE 48 FIGURE 49 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 11: Values of phase margin below a load capacitance of 25 pF were estimated. 
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TLO52, TLO52A 
ENHANCED JFET PRECISION 
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TYPICAL APPLICATION DATA 


output characteristics 


All operating characteristics (except bandwidth and phase margin) are specified with 100-pF load 
capacitance. The TLO52 and TLO52A will drive higher capacitive loads; however, as the load capacitance 
increases, the resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or 
even oscillation. The value of the load capacitance at which oscillation occurs varies with production lots. If 
an application appears to be sensitive to oscillation due to load capacitance, adding a small resistance in 
series with the load should alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if 
enough resistance is added in series with the output (see Figure 50). 


(a)Cy = 100 pF,R = 0 (b) Cy = 300pF,R = 0 (c)Cy_ = 350pF,R = 0 
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(d) C_ = 1000 pF,R = 0 (e) CL 1000 pF, R = 502 (f)C_ = 1000 pF,R = 2kQ 
FIGURE 50. EFFECT OF CAPACITIVE LOADS 


Vo 


- 15V 


CL 
(see Note A) 


2 kQ 


NOTE A: C;_ includes fixture capacitance. 


FIGURE 51. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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TLO52, TLO52A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


input characteristics 


si9iyyduy jeuoneisdo a 


The TLO52 and TLO52A are specified with a minimum and a maximum input voltage that, if exceeded at either 
input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLO52 and 
TLO52A are well suited for low-level signal processing; however, leakage currents on printed circuit boards and 
sockets can easily exceed bias current requirements and cause degradation in system performance. It is good 
practice to include guard rings around inputs (see Figure 52). These guards should be driven from a low- 
impedance source at the same voltage level as the common-mode input. 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


Vi 
Vo 
Vi 
Vo 
Vo 
ha 5 ee Vi 


(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER 


FIGURE 52. USE OF GUARD RINGS 


noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLO52 and TLO52A result in a very low current noise. 
This feature makes the devices especially favorable over bipolar devices when using values of circuit 
impedance greater than 50 kQ. 
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TLO52, TLO52A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


instrumentation amplifier with adjustable gain/null 


The instrumentation amplifier in Figure 53 benefits greatly from the high input impedance and stable input 
offset voltage of the TLO52A. Amplifiers U1A, U1B, and U2A form the actual instrumentation amplifier, while 
U2B provides offset null. Potentiometer R1 provides gain adjust. With R1 = 2 kQ, the circuit gain equals 100, 
while with R1 = 200 kQ, the circuit gain equals two. The following equation shows the instrumentation amplifier 
gain as a function of R1: 

R2+R3 


ass tai 
pigeons S20 > { 


Readijusting the offset null is necessary whenever the circuit gain is changed. Note that if U2B is needed for 
another application, R7 can be terminated at ground. The low input offset voltage of the TLO52A minimizes 
the dc error of the circuit. For best matching, all resistors should be one percent tolerance. The matching 
between R4, R5, R6, and R7 controls the CMRR of this application. 


The following equation shows the output voltages when the input voltage equals zero. This dc error can be 
nulled by adjusting the offset null potentiometer; however, any change in offset voltage over time or 
temperature also creates an error. To calculate the error from changes in offset, consider the three offset 
components in the equation as delta offsets rather than initial offsets. The improved stability of Texas 
Instruments enhanced JFETs minimizes the error resulting from change in input offset voltage with time. 
Assuming Vij equals zero, Vo can be shown as a function of the offset voltage: 
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WA si Vinal Lol ee ee Re Ee 

O = M102 }\' * Rt }|R5+R7/] | * R47 R1| R4 
Vineet Be , R6) RE), Rei) 8 fy, FO 
lO1! Ri | R5+R7 R4]}" R4| 7 Ri so a7 


NOTE: U1A through U2B = TLO52A; Voc + = +15 V. 


FIGURE 53. INSTRUMENTATION AMPLIFIER 
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TLO52, TLO52A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


analog thermometer 


By combining a current source that does not vary over temperature with an instrumentation amplifier, a precise 
analog thermometer can be built (see Figure 54). Amplifier U1A and IC1 establish a constant current through 
the temperature sensing diode D1. For this section of the circuit to operate correctly, the TLO52 must use split 
supplies and R3 must be a metal film resistor with a low temperature coefficient. 


The temperature-sensitive voltage from the diode is compared to a temperature-stable voltage reference set 
by |IC2. R4 should be adjusted to provide the correct output voltage when the diode is at a known temperature. 
Although this potentiometer resistance varies with temperature, the divider ratio of the potentiometer remains 


2 constant. 

Amplifiers U1B, U2A, and U2B form the instrumentation amplifier that converts the difference between the 
oO diode and reference voltage to a voltage proportional to the temperature. With switch S1 closed, the amplifier 
x2) gain equals 5, and the output voltage is proportional to temperature in degrees Celsius. With S1 open, the 
@ amplifier gain is 9, and the output is proportional to temperature in degrees Fahrenheit. Every time that S1 
= . . 
2 is changed, R4 must be recalibrated. By setting S1 correctly, the output voltage equals 10 mV per degree 
ry (C or F). 
o IC1 
> 
=. 
joa 
=e 
@ 
a 

(see Note B) Vo 
(see Note D) 


D 
(seeNoteA)  ,45y 


10 kQ 


NOTES: 


. Temperature sensing diode =~ (— 2 mV/°C). 

. Metal film (low temperature coefficient). 

. Switch open for °F and closed for °C. 

. Vo « Temperature; 10 mV/°C or 10 mV/°F. 

. U1A through U2B = TLO52. IC1,|IC2 = LM385, LT1004, or LT1009 voltage reference. 


FIGURE 54. ANALOG THERMOMETER 
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ENHANCED JFET PRECISION 
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TYPICAL APPLICATION DATA 


phase meter 


The phase meter in Figure 55 produces an output voltage of 10 mV per degree of phase delay between the 
two input signals Va and Vp. The reference signal Va must be the same frequency as Vp. The TLC3702 
comparators (U1) convert these two input sine waves into + 5 V square waves. Then R1 and Ré4 provide level 
shifting prior to the SN74HC109 dual J-K flip flops. 


Flip-flop U2B is connected as a toggle flip-flop and generates a square wave at half the frequency of Vp. Flip- 
flop U2A also produces a square wave at half the input frequency. The pulse duration of U2A varies from zero 
to half the period, where zero corresponds to zero phase delay between Va and Vp and half the period 
corresponds to Vp lagging Va by 360 degrees. 


ie 


The output pulse from U2A causes the TLC4066 (U3) switch to charge the TL052 (U4) integrator capacitors 
C1 and C2. As the phase delay approaches 360 degrees, the output of U4A approximates a square wave, 
and U2A has an output of almost 2.5 V. U4B acts as a noninverting amplifier with a gain of 1.44 in order to 
scale the 0- to 2.5-V integrator output to a 0-to 3.6-V output range. 


R8 and R10 provide output gain and zero-level calibration. This circuit operates over a 100-Hz to 10-kHz 
frequency range. 


+5V 


R2 
100 kQ *5V C2 


Operational Amplifiers 


) 86 R7 
VA Ri bares. ’ 10kQ 10kQ 
bC1 U2A 
J 100 kQ &4 C1 Vo 
my 1K SNC R5 310kQ 9.016 uF | 
20 ka 
R 
R3 ors 8S 50ka 
Gain +5V 
Sep. Be i 
sighs are 10 kQ 
L Zero 
VB v> : ~5V 
NOTES: U1 = TLC3702; Voc + = +5V. 
U2 = SN74HC109. 
U3 = TLC4066. 
U4 = TLO52; Voc + = +5 V. 


FIGURE 55. PHASE METER 
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ENHANCED JFET PRECISION 
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TYPICAL APPLICATION DATA 


precision constant-current source over temperature 


A precision current source benefits from the high input impedance and stability of Texas Instruments enhanced 
JFET process. A low-current shunt regulator maintains 2.5 V between the inverting input and the output of 
the TLO52. The negative feedback then forces 2.5 V across the current setting resistor R; therefore, the current 
to the load is simply 2.5 V divided by R. 


Possible choices for the shunt regulator include the LT1004, LT1009, and LM385. Note that if the regulator's 
cathode connects to the op amp output, this circuit will source load current. Similarly, if the cathode connects 
to the inverting input, the circuit will sink current from the load. To minimize output current change with 
temperature, R should be a metal film resistor with a low temperature coefficient. Also, this circuit must be 
operated with split voltage supplies. 


150 pF 150 pF 


Load i 


Load i 
= 0to10V 


V = Oto-10V 


(a) SOURCE CURRENT LOAD (b) SINK CURRENT LOAD 
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NOTES: IC1 = LM385, LT1004, or LT1009 voltage reference. 
U1A = TLO52. 


| = aad , R = Low temperature coefficient metal film resistor. 


FIGURE 56. PRECISION CONSTANT-CURRENT SOURCE 
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D3236, JUNE 1988 — REVISED JANUARY 1989 


Maximum Offset Voltage ... 1.5 mV D, J, or N PACKAGE 
(TLO54A) (TOP VIEW) 


@ High Slew Rate ... 15.9 V/us Typ at 25°C 


Low Total Harmonic Distortion ... 0.003% 
Typ at Ry = 2 kQ 


@ Low Noise Voltage ... 21 nV/VHz 
Typ at f = 1 kHz 


@ Low Input Bias Currents ... 30 pA Typ 


® Monolithic Construction FK PACKAGE 


oe (TOP VIEW) 
description 


The TLO54 and TLO54A quad operational 
amplifiers incorporate well-matched, high-voltage 
JFET and bipolar transistors in a monolithic 
integrated circuit. These devices offer the 
significant advantages of Texas Instruments new 
enhanced JFET process. This process affords 
not only low initial offset voltage due to the on- 
chip zener trim capability but also stable offset 
voltage over time and temperature. In 
comparison, traditional JFET processes are 
plagued by significant offset voltage drift. 


This new enhanced process still maintains the 
traditional JFET advantages of fast slew rates NC — No internal connection 
and low input bias and offset currents. These 
advantages coupled with low noise and low 
harmonic distortion make the TLO54 well-suited 
for new state-of-the-art designs as well as 
existing design upgrades. The TL054 has been 
designed to be functionally compatible, as well as 


pin compatible, with the TLO74 and TL084. DISTRIBUTION OF TLO54A 
Two offset voltage grades are available: INPUT OFFSET VOLTAGE 
TLO54 (4 mV max) and TLO54A (1.5 mV max). 
1048 Amplifiers tested from 3 wafer lots 
AVAILABLE OPTIONS Vec+ = +15V 
aeeees "7 Maen fad eh 
o N Package 
tT, |“lomax! SMALL- | CHIP CERAMIC —_ PLASTIC s 
A |AT25°C| OUTLINE CARRIER DIP DIP = 
(D) (FK) (J) (N) E 
0°C TLO54ACD —  TLOS4ACJ TLOS4ACN 3 
to o 
70°C TLO54CD  —  TLOS4CJ TLOS4CN S 
— 40°C TLOS4AID ——  TLOS4AlJ TLOS4AIN 2 
to @ 
85°C TLOS41D —— _ TLOS4IJ ~~‘ TLOS4IN 2 
a 


=55°C[ 7.5 mv |TLOS4AMD TLOS4AMK TLOSAAM) TLOS4AMIN| 
95°C | 1.5 mV_|TLOS4AMD TLOS4AMFK TLOS4AMJ TLOS4AMN 


125°C | 4mV |TLOS4MD TLOS4MFK TLO54MJ TLOS4MN 


D packages are available taped-and-reeled. Add "R" suffix to device 0 
type (e.g., TLOS4CDR). -18 -12 -06 0 06 12. 18 
Vio — Input Offset Voltage — mV 


current as of publication date. Products conform to 


PRODUCTION DATA documents contain information Copyright © 1989, Texas Instruments Incorporated 
specifications per the terms of Texas Instruments Fis 
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ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


description (continued) 


A variety of available packaging options includes small-outline and chip carrier versions for high-density 
system applications. 


The M-suffix devices are characterized for operation over the full military temperature range of — 55°C to 
125°C. The I-suffix devices are characterized for operation from — 40°C to 85°C, and the C-suffix devices are 
characterized for operation from 0°C to 70°C. 


equivalent schematic (each amplifier) 


Voc + 


IN + 
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symbol (each amplifier) 


IN - 
OUT 
IN + 


ean TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 *« DALLAS, TEXAS 75265 


—_-TL054, TLOS4A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


_absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


2 


SOL TNs OOP, LO WEIN ng = ooe 0 u GE Wan ceneee ee WERENT Ok ay os papa sae « «> 18 V 
i By Aa eee 2 | ee a rg ere a orm ee ae eee -18V 
IPO ratlT MONMOR ARGO PNOII Yo. i..5 OSs « alas snc ate ae sea ed ee pee 8 ee wee +30 V 
Input voltage range, V\ (any input, see NoteS 1.and 3).... 0... icc etc e reese eens +15V 
HARES COLIN TY sa CM MEMS cl orn SSA oe ity 6 dein .g | ba pp bd hw oe wp ik swe bo eye ees mE +1mA 
COR AION tae CRU OUIDOE Fo 8:5 OER ERG Doss CF aa sibs seh Boe Sigy kay ae Caw ven owe ae +80 mA 
TOME) CUNTQTIL RD ree a LGC asf 5a 8:0 0 Cte a pion gies tek sees heh oy Hes ee kee ee Cape 160 mA 
Total CUreMt GUL Gr ec: = TOITIAGE oe 55 OCR sie oie Oe pees tae dl ' VOREI PIGH EES 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ............ 0.0.0 cee eee eee Unlimited 
CTV aie FOTO ELITIO) «625. cau us alata dsr a tes bites v4 a alewg 3 munvocp aie See Dissipation Rating Table 
Operating free-air temperature, Ta: M-suffix ....... 0... cece eee — 55°C to 125°C 

i) Sens Pte ae ere ee Peace ee — 40°C to 85°C 

CGE ret Wa ww Sa Beat eh ee ke es wae 0°C to 70°C 
Storage temperature range... .. 2.6.0... eee eee eee eee PO AMRE RE iene ssa kes — 65°C to 150°C 
Case temperature for 60 seconds: FK package ....... 00... cece ccc ee eee eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package.................0050- 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc , and Voc _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
4. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 
maximum dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE TA=25°C POWER RATING POWER RATING POWER RATING 
950 mW 7.6 mW/°C 608 mW 
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PACKAGE 


1375 mW 11.0 mwW/°C 880 mW 
1375 mW 11.0 mw/°C 880 mW 
1575 mW 12.6 mW/°C 1008 mW 


recommended operating conditions 


Sa eer pei 
Suey gees 


3 Vegas PEO 41 he ae [PO 
vee ee ee 
Operating ree-ar temperature, Ta =55 185 — ae 
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electrical characteristics 


PARAMETER 


Vio Input offset voltage 


Temperature coefficient 


ovIO of input offset voltage 


2 


Input offset voltage 
long-term drift (see Note 5) 


Common-mode input 
voltage range 


Maximum positive peak 
output voltage swing 
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Maximum negative peak 
output voltage swing 


Large-signal differential 
voltage amplification 


Common-mode 
rejection ratio 


Supply-voltage 
rejection ratio 
(AVcoc +/ AVic) 


Supply current 
(four amplifiers) 


KSVR 


Vo1/Vo2 Crosstalk attenuation Ayp = 100 


T Full range is — 55°C to 125°C. 


NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 


lio Input offset current 
lip Input bias current 


Vec+ = +5V Vec+ = t15V 
MIN TYP MAX MIN TYP MAX 
0.5 
0 


TEST CONDITIONS Tat 


25°C 
Full range 
25°C 
Full range 
25°C to 
125°C 
25°C to 
125°C 


TLO54M 


1) 


TLO54AM 


57 
4 

1 

10 


TLO54M 
TLO54AM 


25°C 
Vo = 0, Vic = 0, 
See Figure 5 , 
Vo = 0, Vic = 0, 
See Figure 5 


25°C 
125°C 
25°C 
125°C 


5 


—1 


= + 
oO 


25°C 


| 
—s 
—s 


Full range 


—i— 
Qi- 0 


25°C 
Full range 
25°C 
Full range 
25°C 
Full range 
25°C 
Full range 
25°C 
— 55°C 
125°C 
25°C 
25°C 
25°C 
— 55°C 
125°C 
25°C 


—-2.3.. -3.2 
-2.3 


See Note 6 


Vic = VicR min, 
Vo = 9, 

Rs = 509 

Voc+ = t5Vtot15V, 
Vo = 0, 

Rs = 502 


™~ 
133] 
oO 
ue) 


75 93 


™ 
oO 
ice) 
© 


| 
oi 
© 
[ee] 


—_ 
oO 
oO 


No load, 
Vo = 0 


to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


6. ForVoc+ = 


2-330 


+t5V,Vo = +2.3V; atVoc+ = 


+15V,Vo = +10V. 
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operating characteristics 
Yeon easy 
PARAMETER TEST CONDITIONS Tat 
MIN TYP MAX 


Positive slew rate 
Ri = 2kQ, : : 
Cy = 100 pF, 
See Figure 1 and Note 7 


at unity gain 


Negative slew rate 
at unity gain 


tf Fall time 


Overshoot factor 


y Equivalent input noise 
nN voltage 
Peak-to-peak equivalent 
VNPP ; , 
input noise voltage 
Equivalent input 
| f_= .1kHz ° V 
Rs = 1kQ, Ri = 2kQ, 
THD Total h ic distortion ° % 4 
otal harmonic distortio Pa Tie Sea Rees 0.003% 0.003% 


Ry = 2kQ, 
Ci = 25pF, See Figure 4 


2 


Vipp = +10 mV, 
Ry = 2kQ, 

C, = 100 pF, 

See Figures 1 and 2 


Rs = 100 Q, 
See Figure 3 © 
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By Unity-gain bandwidth 


Phase margin 
at unity gain 


V; = 10 mV, RL = 2kQ, 


®m See Figure 4 


tT Full range is — 55°C to 125°C. 
NOTES: 7. ForVoc+ = +5V, Vipp = +1V;forVoco+ = +15V, Vipp = +5 V. 
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electrical characteristics 


PARAMETER TEST CONDITIONS tat bee VE | Vor ee AABN ae 
MIN TYP MAX | MIN TYP MAX 


aye a 
pings | ee | 

ieee | Wi eis |” 
piiaige Lo a et 


pV/°C 
TLOS4A\ 5 C to 
85°C 


BM ROK GRO la ag ee ES OA 

Set Figure 5 0.06 10 0.07 10 

= 0,Vig = 0) Co ea ae) 

: = 


Soe Figures [eso | 0820 07 20 


aaa ee AE ER ERS 
rege eal q 

mney 8" Bee EA NT a ae 

Praag 26 eg 

eras 2 es ae ease a 
ier e 

eae Oe Sr es 

cc hes eee 1S ae 

25 72 50 133 


Vio Input offset voltage 


Temperature coefficient 


“VIO of input offset voltage 


2 


Vo = 


Common-mode input 
voltage range 


Maximum positive peak 


V 
OM+ output voltage swing 


sisipyduiy jeuoijesodgC 


Maximum negative peak 


Vom — 
OM output voltage swing 


Large-signal differential Rip = 2kQ, 
voltage amplification See Note 6 


30 70 
fp Wetmore] ome et ayes lone] a 
ese ae ae 
a a 


AvD 


Common-mode 
rejection ratio 


Supply-voltage 
ksvR rejection ratio 
(AVoc +/ AVio) 


Supply current No si = — 2 11.2 
(four amplifiers) Vo = fe BS aes SS ES eS 12.8 | mA 


7.6 11.2 7.9 11.2 
Vo1/Vo2 Crosstalk attenuation Avp = 100 a. ee ee ee SR 


t Full range is — 40°C to 85°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. ForVoc+ = +5V,Vo = +2.3V; atVoco4 = +15V,Vo = £10V. 
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operating characteristics 


V = 25V V = +15V 
PARAMETER TEST CONDITIONS Tat cc + UNIT 
MIN TYP MAX < TYP MAX 


aA See 
tide a 
at unity gain RL = 2kQ, 
SC a aan A SLO 
Cy = 100 pF, V/us 
| | eo ee ee 
Negative slew rate See Figure 1 and Note 7 
eter ee, 8 16.1 
at unity gain 
>a a A i 
ash; be Pee 
tr Rise time ie i a Se ee RE Se 
Giabe tak: ee a A a ke 
see it 7 ee ap tu 
Fall time : dae fe ts eee 
| vine ala a 
See Figures 1 and 2 
Overshoot factor 
Vv, Eauivalent input noise SSE SE eae SS Mae PE ee 
volmaniets Nowe D._|_| Ra fone. atti [ayo [a "Saat 


AB ove to-peak equivalent | See Figure 3 10 Hz to 
25°C 
P input noise hartins 10 kHz 
noise current 
= 1kQ, RL = 
THD Total harmonic distortion = tidiz See mie 9 


Vj = 10 mV, Rr = 2kQ, 
C._ = 25 pF, See Figure 4 
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Unity-gain bandwidth 


Phase margin Vj = 10 mV, Ry = 2kQ, 
at unity gain C. = 25pF, See Figure 4 


tT Full range is — 40°C to 85°C. 
NOTES: 7. ForVoc+ = +5 V, Vipp = +1V;forVoco+4+ = +15V, Vipp = +5 V. 
8. For Voc + = +5V, Vo(rms) = 1 Vi for Voc+ = +15 V, Vo(rms) = 6 V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 
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TLO54C, TLOS4AC | 
ENHANCED JFET PRECISION . 
QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics 


Vv = +5V Vv = +15V 
PARAMETER TEST CONDITIONS Ta! CC + cc + 
“MIN TYP MAX | MIN TYP MAX 
ae 645. 


Full range 


oO 


N 
N 


eal iE 
on 


Vio Input offset voltage 


- 
ba | 
wo 
N 


| Full range 


Full range 


Temperature coefficient 


Tossec: | oh 
70°C 
of input offset voltage TLO54AC 25°C to 
70°C 
Input offset voltage 
long-term drift (see Note 5) 


V = 0, V = 0, ° 
Input offset current ate Bg 
See Figure 5 
V = 0, V a 0, ° . 
Input bias current O IC 20 


See Figure 5 0.15 


avid pV/°C 


uV/mo 


> 
salt 
oO 
oO 


nN 
Oo 
-1O 


Common-mode input 
voltage range 


Maximum positive peak 
output voltage swing 


RL = 2ko ee ee 
Fullrange | 25 | 1.5 


fe Ge 
Full range 
RL = 2ko 
Full range 
apa 50 133 


Maximum negative peak 


Vom - 
OM output voltage swing 


Large-signal differential Ru = 2kQ, 
voltage amplification See Note 6 


j____Tapat resistance ao ae 
Gj; Input capacttancs__—f 


Common-mode 
rejection ratio 


Avp 


NSN 
a 
ice] 
ine) 


CMRR 


Supply-voltage 
Ksvr rejection ratio 
(AVoc +/ AVio) 


No load, 
Vo = 0 


Supply current 
(four amplifiers) 


t Full range is 0°C to 70°C. 
NOTES: 5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. ForVoc+ = t5V,Vo = +2.3V; atVoco+ = +15V,Vo = +10V. 
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TLO54C, TLOS4AC 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


operating characteristics 
Voc+ = 1t5V Voc+ = +15V 
PARAMETER TEST CONDITION Tat 
mbit ae pe 


Positive slew rate 10 (17.8 


at unity gain RL = 2kQ, 

Ci = 100 pF, 
Negative slew rate See Figure 1 and Note 7 
at unity gain 


2 


Vipp = +10 mV, 
Ry = 2kQ, 

Cy = 100 pF, 
See Figures 1 and 2 


tf Fall time 


Overshoot factor 


19% o 


” 
ben 
2 
im 
a. 
: 28% 19% & 
Equivalent input noise ee 
" voltage (see Note 9) Rg = 1009,| f = 1kHz 4 ah | rr 
V Peak-to-peak equivalent | See Figure3 | f = 10Hzto a ; y e 
NPP input noise voltage 10 kHz F Ac 
Equivalent input = 
noise current Sons 
a We = 1kQ, Ry = 2kQ, ® 
THD Total harmonic distortion 25°C 0.003% 0.003% oe. 
f = 1kHz, See Note 8 ' oO 
81 —_Unity-gain bandwidth | O! = Umi AL = Peas Waal cee ae MH 
! ¥8 C. = 25pF, See Figure 4 : 
si at unity gain C. = 25pF, See Figure 4 
61° 


t Full range is 0°C to 70°C. 
NOTES: 7. ForVoc+ = +5V, Vipp = +1V;forVoco+ = +15 V, Vipp = +5V. 
8. ForVcoc+ = +t5V, Vo(rms) = 1V;forVoc+ = +15 V, Vo(rms) = 6V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 
on testing or nontesting of other parameters. 
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TLO54, TLOS4A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


CL 
(see 
Note A) 


NOTE A: C, includes fixture capacitance. 


FIGURE 1. SLEW RATE, RISE/FALL TIME, 
AND OVERSHOOT TEST CIRCUIT 


sisipyduy jeuonessd¢ 2 


FIGURE 3. NOISE VOLTAGE TEST CIRCUIT 


typical values 


Typical values as presented in this data sheet 
represent the median (50% point) of device 
parametric performance. 


input bias and offset current 


At the picoamp-bias-current level typical of the 
TLO54 and TLO54A, accurate measurement of the 
bias current becomes difficult. Not only does this 
measurement require a picoammeter, but test 
socket leakages can easily exceed the actual 


device bias currents. To accurately measure these small currents, Texas Instruments uses a two-step process. 
The socket leakage is measured using picoammeters with bias voltages applied, but with no device in the 
socket. The device is then inserted in the socket and a second test that measures both the socket leakage 
and the device input bias current is performed. The two measurements are then subtracted algebraically to 


determine the bias current of the device. 
noise 


Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f= 1 kHz. Texas Instruments also has additional noise testing capability to meet 


OVERSHOOT | <a 


10% 


-— t-- RISE TIME 


FIGURE 2. RISE TIME AND OVERSHOOT 
WAVEFORM 


NOTE A: C, includes fixture capacitance. 


FIGURE 4. UNITY-GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 


GROUND SHIELD . YCC+ 


FIGURE 5. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 


specific application requirements. Please contact the factory for details. 
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TLO54, TLOS4A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
table of graphs 


Input offset voltage Distribution si a 


Temperature coefficient 
“VIO Distribution 
of input offset voltage 
lio Input offset current vs Temperature belek es” 


| Input bias current vs Vic 
A 2 vs Temperature 

vs Voc 10 
V Input vol ran 


vs Voc 14 
Maximum peak output Output current 18, 19 
voltage swing Frequency 45,16, -17 
Temperature 20, 21 
RL 
Differential voltage amplification Frequency 
Temperature 


Ouiput impedance ee AS ea 


Frequenc 26, 27 

CMRR Common-mode rejection ratio q 4 ee 
Temperature 

ksvrR Supply-voltage rejection ratio Temperature 


vs Voc 31 
Short- circuit output current vs Time 
vs Temperature 


Voc 
L 
L 


2 


VOM 


Operational Amplifiers 


SR Slew rate 
Temperature 


R 
Overshoot factor 
Vn Equivalent input noise voltage 
THD ___ Total harmonic distortion 


Voc 
B itv-oai h 
: Unity-gain bandwidt vs Temperature 


vs Voc 
Phase margin vs OL 


vs Temperature 


Phase shift eee 


eo -signal 48 
Pulse response 
Large-signal 49 
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—TLO54, TLO54A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS? 


DISTRIBUTION OF TLO54 
DISTRIBUTION OF TLO54 INPUT OFFSET VOLTAGE 
INPUT OFFSET VOLTAGE TEMPERATURE COEFFICIENT 
1140 Amplifiers tested from 3 wafer lots 324 Amplifiers tested from 3 wafer lots 
Voc+ = +15V Vec+ = +15V 
Ta = 25°C Ta = 25°C to 125°C 
- N Package # N Package 
. = 
a a 
é é 
ee 3 
> 8 2 
@ ra c 
3 (& 8 
ef & 
Le) 
= 
2. 
-4 -3 -2 -1 0 1 2 3 4 -60 -40 -20 0 20 40 60 
E Vio — Input Offset Voltage — mV ayIO — Temperature Coefficient — uV/°C 
=< FIGURE 6 FIGURE 7 
@ 
PP INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS VS 
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE 


Ta = 25°C 


ljp and lio — Bias and Offset Currents — nA 
lip — Input Bias Current - nA 


25 45 65 85 105 125 -—15 - 10 -5 0 5 10 15 
Ta — Free-Air Temperature — °C Vic — Common-Mode Input Voltage — V 
FIGURE 8 FIGURE 9 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO54, TLOS4A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS* 


COMMON-MODE COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS INPUT VOLTAGE RANGE LIMITS 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


16 


Uris Seamed Ge 
Bie © eae 
Z| 
POSITIVE LIMIT 

ae re gear ca: 
Pei eee |e 

Se (ita 
ee 
- 16 

0 2 4 6 8 10 12 14 


12 


papier NEGATIVE LIMIT 
25 50 75 100 


Vic — Common-Mode Input Voltage — V 
° 
Vic — Common-Mode Input Voltage — V 


Operational Amplifiers ” 


16 -75 -50 -25 0 125 
Voc +|- Supply Voltage - V Ta — Free-Air Temperature — °C 
FIGURE 10 FIGURE 11 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS Vs , 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 


Voc + = +15V 
Ta = 25°C 


Vo — Output Voltage - V 
Vo — Output Voltage — V 


— 200 — 100 0 100 200 — 400 - 200 0 200 400 
Vip — Differential Input Voltage — .V Vip — Differential Input Voltage — .V 
FIGURE 12 FIGURE 13 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Vom — Maximum Peak Output Voltage — V 


Vopp — Maximum Peak-to-Peak Output Voltage — V 
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TYPICAL CHARACTERISTICSt 


MAXIMUM PEAK OUTPUT VOLTAGE 
Vs 
SUPPLY VOLTAGE 


0 2 4 6 8 10 12 14 16 
Voc +|- Supply Voltage - V 


FIGURE 14 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS 
FREQUENCY 


Ry = 2kQ 
Voco+ = +15V Ta = 25°C 


30 


sft TT IN 


Wt 
Ba RE 


100 k 1M 10M 
f — Frequency — Hz 


FIGURE 16 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 
30 


ST hit I | 
V = +15V 
25 K— eat . TM 


15 
Ta = 125°C 
te = -55°C 


AN 
SS 


10 


em I 8 a 


5 Core™ 


ine 


10k 100 k 
f — Frequency — = 


FIGURE 15 


10M 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS 
Tia gieabaal 


Ta = 25°C | 


Pe 


20 


100 k 1M 10M 
f — Frequency — Hz 


FIGURE 17 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO54, TLOS4A 
ENHANCED JFET PRECISION 
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TYPICAL CHARACTERISTICSt 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
OUTPUT CURRENT OUTPUT CURRENT 


|Vom|— Maximum Peak Output Voltage — V 
|Vom|— Maximum Peak Output Voltage — V 


Operational Amplifiers < 


[lo| — Output Current —- mA ee co pre ~ Fe 
FIGURE 18 FIGURE 19 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


as Se 


Rp = 2kQ 
VOM + 


Vom — Maximum Peak Output Voltage — V 
Vom — Maximum Peak Output Voltage — V 
o 


-— 16 
-75 -50 -25 0 25... - 60..-7~- 100... 125 -75 -50 -25 0 25. --50-.~76—-106--. 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
FIGURE 20 FIGURE 21 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 


Exas WW 


INSTRUMENTS ae 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLO54, TLOS4A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS? 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 
VS 
LOAD RESISTANCE 
250 


Vo =+1V 
Ta = 25°C 

2 tees 
ll orl 


150 weal 


100 


50 


Ayp — Differential Voltage Amplification — V/mV 


0 
0.4 1 4 10 40 100 
R,_ — Load Resistance — kQ 
FIGURE 22 


siaiyduy jeuoieiedg ad 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


Ayp — Differential Voltage Amplification — V/mV 


0 
-75 -50 -25 0 25 50 .75. 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 24 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


vs 
FREQUENCY 
Voc += 1+15V 

€ Ri = 2kQ 0° 
8 CL = 23 pF 
= Ta 2 
= A 5°C 30° 
£ 
<x 
} 7 r= 
$ 60° 5 
S 3 
3 o£ 
= ie 
2 
© 
= tC) 
= 120 
! 
Q 
a 150° 

180° 


“40 «100 1k 10k 100k 1M = 10M 
f — Frequency — Hz 


FIGURE 23 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 
VS 
FREE-AIR TEMPERATURE 


1000 


10 ee 


-75 -50 -25 0 2 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 25 


Ayp — Differential Voltage Amplification — V/mV 
8 


‘Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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CMRR — Common-Mode Rejection Ratio — dB 


0 
10 100 1k 
f — Frequency — Hz 


FIGURE 26 


100 


95 


90 


85 


80 


CMRR — Common-Mode Rejection Ratio — dB 


TLO54, TLOS4A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS? 


COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


10k 100k 1M 


COMMON-MODE REJECTION RATIO 
VS 
FREE-AIR TEMPERATURE 


Sen | 


CMRR — Common-Mode Rejection Ratio — dB 


Zo — Output Impedance — Q 


COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


10 100 1k 10k 100k 
f — Frequency — Hz 


FIGURE 27 
OUTPUT IMPEDANCE 


VS 
FREQUENCY 


Operational Amplifiers 4 


75 Voc + = +15V 
Ta = 25°C 
lo (open loop) = 250 2 

70 f 

-75 -50 -25 0 ani — 80 . 76 -. 100 ~ 125 1k 10k 100 k 1M 
Ta — Free-Air Temperature — °C f — Frequency — Hz 
FIGURE 28 FIGURE 29 
tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO54, TLOS4A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS* 


SUPPLY-VOLTAGE REJECTION RATIO SHORT-CIRCUIT OUTPUT CURRENT 
i) VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Cae 
ee 


Vip = 100 mv 


110 


Vecs = +5V to +15V oT) 


106 


los — Short-Circuit Output Current — mA 


Ksvp — Supply-Voltage Rejection Ratio — dB 


siaiyduiy jeuoieisdg = 


90 
-75 -50 -25 0 25 50 75 100 125 0 2 4 6 S105 = 325.144 16 
Ta — Free-Air Temperature — °C Voc +|—- Supply Voltage - V 
FIGURE 30 FIGURE 31 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS VS 
TIME FREE-AIR TEMPERATURE 
60 


ee 


20 


los — Short-Circuit Output Current - mA 
i=) 
los — Short-Circuit Output Current - mA 


— 60 
0 -75 -50 -25 0 25 50 75 100 125 
Time — Seconds Ta — Free-Air Temperature — °C 
FIGURE 32 FIGURE 33 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO54, TLO54A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 


< < 
E E 
1 1 
6 6 
A > 
& 
; ; 
oO O 
L L£ 
0 10 12 14 16 
ial ee oa Voltage - V 
FIGURE 34 
SLEW RATE 
VS 
LOAD RESISTANCE 
: =e : 
E LA : 
cc fr 
77) 77) 
I 1 
77) 7) 
Cy = 100 pF 
Ta = 25°C 
See Figure 1 
0.4 1 4 10 40 100 
R,_ — Load Resistance — kQ 
FIGURE 36 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 


ae 
ai fe fie 
Vo = 0 
No Load 
0 


-75 -50 -25 0 25. 50 | 75 -100 125 
Ta — Free-Air Temperature — °C 


FIGURE 35 


10 


Operational Amplifiers oT 


SLEW RATE 
VS 
LOAD RESISTANCE 


Le 


Ta = 25°C 
See Figure 1 


R,_ — Load Resistance — kQ 
FIGURE 37 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO54, TLOS4A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


SLEW RATE 
VS 
FREE-AIR TEMPERATURE 


” 
= 
f 
2 
© 
cc 
O 3 
ei 
© 
s 8 
So. 
oO Rp = 2kQ 
= Cy = 100 pF 
2 See Figure 1 
> 0 
-75 -50 -25 0 25 50 75 100 125 
3 Ta — Free-Air Temperature — °C 
~ FIGURE 38 
© 
P OVERSHOOT FACTOR 
vs 
LOAD CAPACITANCE 
* 
5 
o 
ve 
9 
2 
2 
® 
> 
o 
Vipp = +10 mV 
Ru = 2kQ 
Ta = 25°C 
See Figure 1 
0 50 100 150 200 250 300 
C,_ —- Load Capacitance — pF 
FIGURE 40 


SLEW RATE 
ES) 
FREE-AIR TEMPERATURE 


SR — Slew Rate — V/us 


Voc+=+15V 
Rp = 2kQ 

CL = 100 pF 
See Figure 1 


0 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 39 
EQUIVALENT INPUT NOISE VOLTAGE 


VS 
FREQUENCY 


SS OT = y icy 
TTT TE | Sees = = 
PL ETT 

Tg = 28°C 
See Figure 3 


Vn — Equivalent Input Noise Voltage — nV/VHz 


10 40 100 400 1k 4k 10k 40k100k 
f — Frequency — Hz 


FIGURE 41 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


TOTAL HARMONIC DISTORTION UNITY-GAIN BANDWIDTH 
VS VS 
FREQUENCY SUPPLY VOLTAGE 
1 
(04 Ayp =1 
Vo(rms) = 6V r 
= = 
a 1 
5 0. 1 Saeed SRS RN EY ee = 
@ RES MY EE |S ON) IS = 
= : 
cet Pr a a 
E AH c 
x 9 
= 0 ae Z 
Oo -——+—} f= HH Seecattiiieme ae me 
qT ome 7 
= 0.004 a 
- 
See Figure 4 
0.001 
100 400 4k 10k 40k 100k 0 2 4 6 8 10 12 14 
= Frequency — Hz Voc +|- Supply Voltage - V 
FIGURE 42 FIGURE 43 
UNITY-GAIN BANDWIDTH PHASE MARGIN 
Vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
= 
s ” 
8 
£ o 
BS so 
> 
z € 
a & 
£ = 
8 2 
= ao 
5 1 
i Vi = 10mV € 
= Rp = 2kQ 
Ci = 25 pF 
See Figure 4 
0 
-75 -50 -25 0 25 50 75 100-128 0 2 4 6 8 10 12 14 
Ta — Free-Air Temperature — °C Voc +|- Supply Voltage — V 
FIGURE 44 FIGURE 45 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO54, TLO54A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS? 


PHASE MARGIN PHASE MARGIN 
VS VS 
LOAD CAPACITANCE FREE-AIR TEMPERATURE 
Vj; = 10mvV 
Rp = 2kQ 
Ta = 25°C 
$ See Figure 4 $ 
yy $ 
c c 
D See Note 11 DB 
is] i] 
© = = 
ie 3 
® ez Fr 
= o 
1 
“A € € Vi = 10 mV 
\o) Ru = 2kQ 
e CL = 25 pF 
coe See Figure 4 
y 0 10 20 30 40 50 60 70 80 90 100 +~75 -50 -25 0 2 680678 4100) «= 125 
= C,_ — Load Capacitance — pF Tag — Free-Air Temperature — °C 
= FIGURE 46 FIGURE 47 
@ 
w VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 
8 
Sea 
Ss ae Lue 


Veco + = +15V 
Ry = 2kQ 

Cy = 100 pF 
Ta = 25°C 
See Figure 1 


See Figure 1 


Vo — Output Voltage — mV 
Vo — Output Voltage — V 
Oo 


-4 


oye eee he 
0 02 DA 086° 028 19 12 


t-— Time - us t- fa — us 


FIGURE 48 FIGURE 49 


-8 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 11: Values of phase margin below a load capacitance of 25 pF were estimated. 
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TLO54, TLO54A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


output characteristics 


All operating characteristics (except bandwidth and phase margin) are specified with 100-pF load 
capacitance. The TLO54 and TLO54A will drive higher capacitive loads; however, as the load capacitance 
increases, the resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or even 
oscillation. The value of the load capacitance at which oscillation occurs varies with production lots. If an 
application appears to be sensitive to oscillation due to load capacitance, adding a small resistance in series 
with the load should alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if enough 
resistance is added in series with the output (see Figure 50). 


(a)C_ = 100pF,R = 0 (b) C_ = 300pF,R = 0 (c)C, = 350pF,R = 0 


Operational Amplifiers eS 


(d) CL = 1000 pF,R = 0 (e) CL 1000 pF, R = 502 (f) CL = 1000 pF, R = 2kQ 
FIGURE 50. EFFECT OF CAPACITIVE LOADS 


Vo 


CL 
(see Note A) 


2kQ 


NOTE A: C,_ includes fixture capacitance. 


FIGURE 51. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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TL054, TLO54A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


input characteristics 


siayyduiy jeuonjeiodg BW 


The TLO54 and TLO54A are specified with a minimum and a maximum input voltage that, if exceeded at either 
input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLO54 and 
TLO54A are well suited for low-level signal processing; however, leakage currents on printed circuit boards and 
sockets can easily exceed bias current requirements and cause degradation in system performance. It is a 
good practice to include guard rings around inputs (see Figure 52). These guards should be driven from a 
low-impedance source at the same voltage level as the common-mode input. 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


Vi 
Vo 
VI 
Vo 
: ae Vo 
: 1 Vi 


(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER 
FIGURE 52. USE OF GUARD RINGS 


noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLO54 and TLO54A result in very low current noise. 
This feature makes the devices especially favorable over bipolar devices when using values of circuit 
impedance greater than 50 kQ. 
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TLO54, TLOS4A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


instrumentation amplifier with adjustable gain/null 


The instrumentation amplifier in Figure 53 benefits greatly from the high input impedance and stable input 
offset voltage of the TLO54A. Amplifiers U1A, U1B, and U1C form the actual instrumentation amplifier, while 
U1D provides offset null. Potentiometer R1 provides gain adjust. With R1 = 2 kQ, the circuit gain equals 100, 
while with R1 = 200 kQ, the circuit gain equals two. The following equation shows the instrumentation amplifier 
gain as a function of R1: 
R2+R3 


Ay = 1+ =F 


Readjusting the offset null is necessary whenever the circuit gain is changed. Note that if U1D is needed for 
another application, R7 can be terminated at ground. The low input offset voltage of the TLO54A minimizes 
the dc error of the circuit. For best matching, all resistors should be one percent tolerance. The matching 
between R4, R5, R6, and R7 controls the CMRR of this application. 


The following equation shows the output voltages when the input voltage equals zero. This dc error can be 
nulled by adjusting the offset null potentiometer; however, any change in offset voltage over time or 
temperature also creates an error. To calculate the error from changes in offset, consider the three offset 
components in the equation as delta offsets rather than initial offsets. The improved stability of Texas 
Instruments enhanced JFETs minimizes the error resulting from change in input offset voltage with time. 
Assuming Vixy equals zero, Vo can be shown as a function of the offset voltage: 


ye teeth ge gee _ Re | R2/R6 
O = N02)" R1]|R5+R7]\) 7 R4 |" RIL RS 
R3/__R7 R6\ R6/,  R2 R6 
-vio1| & R5 + R7 1 + Be) Bel + BEY «Mis '* Ra 


NOTE A: U1A through U1D = TLO54A; Voc + = +15V. 
FIGURE 53. INSTRUMENTATION AMPLIFIER 
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TLO54, TLOS4A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


high input impedance log amplifier 


The low input offset voltage and high input impedance of the TLO54A create a precision log amplifier (see 
figure 54). IC1 is a 2.5-V, low-current precision, shunt regulator. Transistors Q1 and Q2 must be a closely 
matched NPN pair. For best performance over temperature, R4 should be a metal film resistor with a low 
temperature coefficient. 


In this circuit, U1A serves as a high-impedance unity-gain buffer. Amplifier U1B converts the input voltage 
to a current through R1 and Q1. Amplifier U1C, |C1, and R4 form a 1 yA temperature-stable current source 
that sets the base-emitter voltage of Q2. Amplifier U1D then amplifies the difference between the base-emitter 
voltage of Q1 and Q2. The output voltage is given by the following equation: 


Vo=- 4, 26 kT l eros Geanes where k = 1.38 x 10779, q = 1.602 x 107'9, 
(R1x1x10~°) 


and T is in kelvins. 


Vo 
(see 
equation above) 


sioyiyduy jeuonessdg — 


270 kQ 
- 15V 


NOTES: UtA thru U1D = TLO5S4A. 
IC1 = LM385, LT1004, or LT1009 voltage reference. 


FIGURE 54. LOG AMPLIFIER 


Ayp — Differential Voltage Amplification — dB 


f — Frequency — Hz 
FIGURE 55. OUTPUT VOLTAGE vs INPUT VOLTAGE FOR LOG AMPLIFIER 
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TLO54, TLO54A 
_ ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


analog thermometer 


By combining a current source that does not vary over temperature with an instrumentation amplifier, a precise 
analog thermometer can be built (see Figure 56). Amplifier U1A and IC1 establish a constant current through 
the temperature sensing diode D1. For this section of the circuit to operate correctly, the TLO54 must use split 
supplies and R3 must be a metal film resistor with a low temperature coefficient. 


The temperature-sensitive voltage from the diode is compared to a temperature-stable voltage reference set 
by IC2. R4 should be adjusted to provide the correct output voltage when the diode is at a known temperature. 
Although this potentiometer resistance varies with temperature, the divider ratio of the potentiometer remains 


constant. 2 

Amplifiers U1B, U1C, and U1D form the instrumentation amplifier that converts the difference between the 
diode and reference voltage to a voltage proportional to the temperature. With switch S1 closed, the amplifier ” 
gain equals 5, and the output voltage is proportional to temperature in degrees Celsius. With S1 open, the ® 
amplifier gain is 9, and the output is proportional to temperature in degrees Fahrenheit. Every time thatS1 “= 
is changed, R4 must be recalibrated. By setting S1 correctly, the output voltage equals 10 mV per degree “@ 
(C or F). = 
er = § 
© 
c 
2 
chet 
9) 
Yas 
® 
5 ko 6 

(see Note B) z Vo 
(see Note D) 


(see Note C) 


D 
(seeNoteA) 4,45y 


10 kQ 


NOTES: A. Temperature sensing diode =~ (— 2 mV/°C). 

. Metal film (low temperature coefficient). 

. Switch open for °F and closed for °C. 

. Vo « Temperature; 10 mV/°C or 10 mV/°F. ' 


. U1AthruU1D = TLO54. IC1, 1IC2 = LM385, LT1004, or LT1009 voltage reference. 
FIGURE 56. ANALOG THERMOMETER 


mogQgw>y> 
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TL054, TLO54A 
ENHANCED JFET PRECISION — 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


voltage-ratio-to-dB converter 


sioiyyduiy jeuoinesodg = 


The application in Figure 57 measures the amplitude ratio of two signals and then converts the ratio to 
decibels. The output voltage provides a resolution of 100 mV/dB. The two inputs can be either dc or sinusoidal 
ac signals. When using ac signals, both signals should be the same frequency or output glitches will occur. 
For measuring two input signals of different frequencies, extra filtering should be added after the rectifiers. 


The circuit contains three low-offset TLO54A devices. Two of these devices provide the rectification and 
logarithmic conversion of the inputs. The third TLO54A forms an instrumentation amplifier. The stage 
performing the logarithmic conversion also requires two well-matched NPN transistors. 


The input signal first passes through a high impedance unity-gain buffer U1A (U2A). Then U1B (U2B) rectifies 
the input signal at a gain of 0.5, and U1C (U2C) provides a noninverting gain of 2 so that the system gain is 
still one. U1D (U2D), R6 (R13), and Qi (Q2) perform the logarithmic conversion of the rectified input signal. 
The instrumentation amplifier formed by U3A, U3B, U3D scales the difference of the two logarithmic voltages 
by a gain of 33.6. As a result, the output voltage equals 100 mV/dB. The 1-kQ potentiometer on the input 
of U3C calibrates the zero dB reference level. The following equations are used to derive the relationship 
between the input voltage ratio expressed in decibels and the output voltage. 


VA In (Va) — In (Vp) 
X dB = 20 al = go Mita 


XdB = 8.686| In (Va) -In (Vp) | 


kT VA kT VB 
VBE(Q1) = a In Rxig YBRIQ2 qx Is 
kT 
AVBE = VBE(Q1) ~ VBE(Q2) = = (In (Va) —In (Vp) | 


686 
uae”: ga VBE(Q1) - VBE(Q2) - 336 VBE(Q1) - VBE(Q2) at 25°C. 


where k = 1.38x10~,q = 1.602x 10», and Tis in kelvins. 


This would give a resolution of 1 V/dB. Therefore, the gain of the instrumentation amplifier is set at 33.6 to 
obtain 100 mV/dB. 
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TLO54, TLOS4A 
‘ : ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


VA 


10 kQ 
R3 R4 = 
30 kQ 10 kQ 


VB R8 ow | 2N2484 
vate ol.” k 
D2 =- 16 
10 ka 
R14, 10 ka 
+15V 


Operational Amplifiers ro 


NOTES: U1A through U3D = TLO54A, Voc + = +15 V. 
Di and D2 = 1N914. 


FIGURE 57. VOLTAGE-RATIO-TO-dB CONVERTER 


TE 
LY 


Vo — Output Voltage — V 


G> he0.2 2 2 8 Se 8 
Ratio — (Va/ Vp) 


FIGURE 58. OUTPUT VOLTAGE vs THE RATIO OF THE INPUT VOLTAGES 
FOR VOLTAGE-TO-dB CONVERTER 
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TLOGO, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLOG1B 
TLO62, TLOG2A, TLO62B, TLOG4, TLOG4A, TLO64B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


D2392, NOVEMBER 1978—REVISED NOVEMBER 1988 


20 DEVICES COVER MILITARY, INDUSTRIAL, AND 
COMMERCIAL TEMPERATURE RANGES 


Very Low Power Consumption Output Short-Circuit Protection 


Typical Supply Current . . . 200 vA 


High Input Impedance ... JFET-Input Stage 
(per Ampiiier) Internal Frequency Compensation 
® Wide Common-Mode and Differential (Except TLOG6O) 


Voltage Ranges Latch-Up-Free Operation 


Low Input Bias and Offset Currents High Slew Rate; -.-3:5 Vive Typ 


Common-Mode Input Voltage Range 
Includes Vcc + 


description 


The JFET-input operational amplifiers of the TLO61 series are designed as low-power versions of the TLO81 
series amplifiers. They feature high input impedance, wide bandwidth, high slew rate, and low input offset 
and bias currents. The TLO61 ‘series features the same terminal assignments as the TLO71 and TLO81 


series. Each of these JFET-input operational amplifiers incorporates well-matched, high-voltage JFET and 
bipolar transistors in a monolithic integrated circuit. 


M-suffix devices are characterized for operation over the full military temperature range of — 55°C to 125°C. 
l-suffix devices are characterized for operation from — 40°C to 85°C, and C-suffix devices are characterized 
for operation from O°C to 70°C. 


TLO60, TLO60A, TLO60B TLO61, TLO61A, TIO61B 


D, JG, OR P PACKAGE 
(TOP VIEW) 


N1/comP(]1  8[] comp 
IN — 71 YCC+ 
IN+ []3 61] OUT 
Vcc -— 5| | OFFSET N2 


TLO61 .. . U PACKAGE 


D, JG, OR P PACKAGE 
(TOP VIEW) 


OFFSET N1[]1 sf] NC 
IN— [| }2 FLEVCC + 
IN+ | ]3 6] | OUT 


TLO62, TLO62A, TLO62B 


(TOP VIEW) D, JG, OR P PACKAGE 
(TOP VIEW) 
NC | j@1 101} NC 
OFFSET N1 []2 91] NC 


IN — 81} Vcoc + 
IN+ L]4 7|_} OUT 
Vier 6|.} OFFSET N2 


TLO62 ... U PACKAGE 
(TOP VIEW) 


TLO64 ....D, J, N, OR W PACKAGE 


TLO64A, TLO64B...D, J, OR N PACKAGE 


(TOP VIEW) 


5| | OFFSET N2 
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PRODUCTION DATA documents contain information 


e Copyright © 1983 by Texas Instruments Incorporated 
current as of publication date. Products conform to | 
a per ° _— of Texas emg heer 9-357 
standard warranty. Production processing does not = 
necessarily include testing of all parameters. INST RUMENTS 
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TLOGO, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLOG1B 
TLO62, TLO6G2A, TLO64, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TLO61 . . . L PACKAGE TLOG2 . . . L PACKAGE 
(TOP VIEW) (TOP VIEW) 
VCC + 
= (out (4) @ \ouT > 
in< IN- IN->& 
& IN-| (2 © s 
= = 
2 { IN+ @ ® ©) /IN+ = 
1CC= 


PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE 


PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE 


TLO61 .. . FK PACKAGE TLO62 .. . FK PACKAGE 
(TOP VIEW) (TOP VIEW) 

7 _ 
2 = + 
oO oO O 
= (> = 63- Grt 

3 Go £2) ae xicte, (Sale been fate 

ly es hs ge 3 2 1 20 19 

Bag Beals 


sisyyduy jeuoneisdg BW 


nc p4 18[] NC 

18 
NC U NC #1 IN- 115 170] #2 OUT 
IN — 17U Voc + nc Né 16(] NC 
NC '6U NC #1 IN+ 17 15(] #2 IN- 
sind 18\) OUT nc fs 14{1 NC 


NC 14L] NC 


N 


9 
en 
O 
ae 


COMP N2 [ 


TLO64 ... . FK PACKAGE 


(TOP VIEW) 
| 5 5 | 
20 o€ 
mC) SF 
te FH we % 
20 18 
#1IN+ D4 18U #4 IN+ 
NC U5 17ULNC 
Vcc + Hs 16 Vcc - 


NC 7 15U}NC 
#2IN+ [J8 14{] #3 IN+ 


‘ay ae 
pe 

oz 
~m ©- 
tt tt 


NC—No internal connection 
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TLO6G0, TLOGOA, TLOGOB, TLOG1, TIOG1A, TLOG1B 
TLO62, TLO6G2A, TLOG2B, TLOG4, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


AVAILABLE OPTIONS 


SMALL CHIP 
OUTLINE | CARRIER 


TLO60CD TLO60CJG 
TLO60ACD TLO60ACJG 
TLO6OBCD TLO60BCJG 
TLO61CD TLO61CJG 
TLO61ACD TLO61ACJG 
TLO61BCD TLO61BCJG 
TLO62CD 
TLO62ACD 
TLO62BCD 


TLO6OCP 
TLO6OACP 
TLO60BCP 
TLO61CP 
TLO61ACP 
TLO61BCP 
TLO62CJG TLO62CP 
TLO62ACJG TLO62ACP 
TLO62BCJG TLO62BCP 


NO 


15 mV_ | TLO64CD 
6 mV_ | TLO64ACD TLO64ACJ 
3 mV | TLO64BCD TLO64BCJ 


TLO6OID 
TLO61!1D 
TLO62ID 
TLO64ID TLOG64IJ 
TLO61MFK 
TLO62MFK 
TLO64MFK| TLO64MJ 


TLO6O0IJG 
TLO611JG 
TLO62IJG 


TLOG6OIP 
TLO61IP 
TLO62IP 


TLO64IN 


TLO61MJG |TLO61ML 
TLO62MJG |TLO62ML 


The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLO61CDR). 


Operational Amplifiers 


symbol (each amplifier) 


NONINVERTING INPUT 
IN+ 


OUTPUT 


INVERTING INPUT 
IN— | 


OFFSET NULL/COMPENSATION | 
TLO60 AND TLO061 ONLY 2 
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TLO60, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLOG1B 
TLO62, TLO62A, TLO64, TLOG4A, TLO64B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


Ssiaipduiy jeuoiesodgo = 


2-360 


NONINVERTING 
INPUT 
INVERTING 
INPUT 


comp — — 
TLOGO OFFSET NULL/ 
ONLY COMP (N1) 
OFFSET NULL (N2) —— 


OFFSET OFFSET OUTPUT Vcc_ 
NULL NULL 
(N1) (N2) 
TLO61 ONLY 


C1 = 10 pF ON TL061, TL062, AND TL064 ONLY 
COMPONENT VALUES SHOWN ARE NOMINAL 
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TLOGO, TLOGOA, TLOGOB, TLOG1, TIO61A, TLOG1B 
TLO62, TLO62A, TLO62B, TLO64, TLO6G4A, TLO64B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLO6_C, 
TLO6_M TLOG6_I | TLO6_AC, | UNIT 
TLO6_BC 


Supply voltage, Vcc + (see Note 1) ees et aay ee es eS as 
Supply voltage, Vcc — (see Note 1) sigs br-t8 | ote | 
Differential input voltage (see Note 2) 
Input voltage (see Notes 1 and 3) 
Voltage between power-control terminal and Vcc — 
Duration of output short circuit (see Note 4) | unlimited | unlimited | unlimited | | 
Continuous total dissipation See Dissipation Rating Table 4 
Operating free-air temperature range 
Storage temperature range I-65 to 150|—65 to 150] -65to 150] °C | 
| Case temperature for 60 seconds CC FK package =| 260 | | | 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds oe a 
W package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 “S 
P package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ha ey Be ae ea: re ae 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc -_. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that 
the dissipation rating is not exceeded. 


Se eS 


DISSIPATION RATING TABLE 


Operational Amplifiers 


Ta < 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWERRATING POWERRATING POWER RATING 
D (8-pin) 5.8 mW/°C 
D (14-pin) 7.6 mW/°C 
FK 11.0 mW/°C 
J (TLO6_M) 11.0 mW/°C 
J (all others) 8.2 mW/°C 


JG (TLO6_M) 8.4 mW/°C 
JG (all others) 6.6 mW/°C 
L 6.6 mW/°C 


N 9.2 mW/°C 
P 8.0 mW/°C 
U 5.4 mW/°C 
WwW 8.0 mW/°C 
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TLO61M, TLO62M, TLO64M 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, YCcC + = + 15 V (unless otherwise noted) 


TLOG61M 
PARAMETER TEST CONDITIONSt TLO62M 
MIN TYP MAX 


i: cA, = AS sea 
Vio Input offset voltage O A 
Rg =600, [Ta= 5° IRC] 
Temperature 
rabies Vo = O, Rs = 50Q, 
avid coefficient of 
input offset voltage Ta = —55°C to 125°C 


Input offset A = 25°C 
| Vo =0 
10 current* 0 


-—12 
Common-mode 
VICR ; +11.5 to 
input voltage range +15 


er " +10: 213.5 
Vom peak output - - 
rely aig Ta = 25°C 
Avp differential voltage - - 
amplification Ta = —55°C to 125°C 
A 


= 10kQ, Tag = 25°C 


Suppl Itage 
k we Vec = +15Vto +9V, Vo =O, 
SVR rejection ratio 


Rg = 509, Ta = 25°C 
(AVcc +/AVIC) 


Total power 
x sae 
(each amplifier) 
eee et | 
(each amplifier) Ta = 25°C 
Tae E peeagate 2 


Vo1/Vo2 Crosstalk attenuation] Ayp = 100, 25°C 


80 8 
80 9 


6 
5 
7.5 


TLO64M 


MIN TYP MAX 


= 
< 


-—12 
+11.5 to 
+15 


+10 +13.5 
+10 


80 8 
0 9 


8 


m 


| pA 
| nA 
ke alld 
| nA 
oe 
aa 


tT All characteristics are measured under open-loop conditions with zero common-mode voitage unless otherwise specified. 


input bias currents of a FET-input operational amplifier are normal junction reverse currents, which 


are temperature sensitive as shown 


in Figure 17. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 
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electrical characteristics, VCC + 


PARAMETER 


Input offset voltage 
Mi = 502 


Temperature 
Vo = 0, 


ayvio coefficient of 


input offset voltage 


Input offset 
current* 


Input bias current* 


Common-mode 

VICR 25°C 
input voltage range 
Maximum 


peak output 


Vom 


voltage swing 

Large-signal 
Avpb differential voltage 
amplification 


Unity-gain bandwidth} Ry = 


10 kQ, 


TEST CONDITIONSt 


= + 15.V (unless otherwise noted) 


TLOGOI 
TLO61I 
TLO62I 
TLOG64I 


Ta = full range 


A = full range 
Ta = 25°C 


T 


Ta = 25°C 
- 
A= 


full range 


Ta = 25°C 


Common-mode Vic = 
CMRR 


rejection ratio Rs = 509, 


Supply voltage Voc = £15V 


rejection ratio Rg = 509, 


(AVcec +/AVIi¢C) 


Total power 


ksvr 


No load, 


P dissipation 
e Ta.=:26°C 


(each amplifier) 
No load, 
(each amplifier) =120.°G 


Vo1/Vo2 Crosstalk attenuation xem 100, 


Supply current 


VicR min, Vo = O, 


Ta = 25°C 


to +9 V, Vo = 
Ta = 25°C 


Vo = 


Ta = 25°C 


TLO6O0C 
TLO61C 
TLO62C 
TLO64C 


TLOG60AC 
TLO61AC 
TLO62AC 
TLO64AC 


TLO60BC 
TLO61BC 
TLO62BC 
TLO64BC 


= 
2 
+ 
< 
uv 
= 
> 
*< 


LS) 
WwW 


_ 
°o 


3 
< 


T All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for Ta is —40°C to 85°C for TLO6_| and O°C to 70°C 


for TLO6_C, TLO6_AC, and TLO6_ BC. 


+ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 17. Pulse techniques must be used that will 


maintain the junction temperature as close to the 


ambient temperature as possible. 
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TLOGO, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLOG1B 
TLO62, TLOGZA, TLOG2B, TLOG4, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, VCC + = +15 V, TA = 25°C 


Vi = 10 V, Ry = 10 kQ, 
SR Slew rate at unity gain L : V/us 
Cy = 100 pF, See Figure 1 


Ce Aeettie oe ot Vi = 20 mV; RL = 1040, Qs 2 | A 
CL = 100 pF, See Figure 1 Lea a 
NE NE Nd 


PARAMETER MEASUREMENT INFORMATION 


10 k2Q 
1kQ 
Vi 


- TLOGO 
= ia 100 pF 


Vi 


Cc = 10 pF 
for TLO6O 
and TLO60A = 


FIGURE 1. UNITY-GAIN AMPLIFIER FIGURE 2. GAIN-OF-10 FIGURE 3. FEED-FORWARD 
INVERTING AMPLIFIER COMPENSATION 


sioiyduiy jeuoneisdg 
g 
5 


INPUT OFFSET VOLTAGE NULL CIRCUITS 


O COMP 


*For best results use R = 20 MQ2 for 
Vcc+ = +15 V to R = 5 MQ for 
Vcc+ =+3 V. 


FIGURE 4 FIGURE 5 
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TLOGO, TLOGOA, TLOGOB, TLO6G1, TLOG1A, TLOG1B 
TLO62, TLOG2A, TLOG2B, TLOG4, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
> +15 
7 RL = 10 ka ° 
° Ta = 25°C £ +12.5 
£ See Figure 2 $ 
: 2 +10 
5 £ 
: : 2 
. 3 +7.5 
; : Y 
i E +5 = 
£ x os 
x < 2. 
oO = 
* s +2.5 Vec+ = +15V 
= o < 
re) > See Figure 2 oa 
> 0 © 
O12 7? 28 10. 12 1d -75-50-25 0 25 50 75 100 125 = 
\Vcc +|—Supply Voltage—V Ta—Free-Air Temperature — °C = 
FIGURE 6 FIGURE 7 rT 
2. 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE ‘@) 
vs vs 
LOAD RESISTANCE FREQUENCY 
+15 +15 


Ri = 10 kO 
Ta = 25°C 


ee ES 
eT 
Hi 0 
a 00 a a 


TM Th ht 
Ti 1 


Vec+ = +15V 
Ta = 25°C 
A +12.5 


Vom—Maximum Peak Output Voltage—V 
I+ 
~“ 
o 


Vom—Maximum Peak Output Voltage—V 


+2.5 £2.85 
“FATT SS TI 
0 0 Psi TLL Se 
100 200 400 7001k 2k 4k 7k10k 1k 10 k 100 k 1M 10M 
R_—Load Resistance —{) f — Frequency —Hz 
FIGURE 8 FIGURE 9 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
10-pF compensation capacitor is used with TLO60 and TLO60A. 
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TLOGO, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLO62B 
TLO62, TLOG2A, TLOG2B, TLOG4, TLO6G4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


DIFFERENTIAL VOLTAGE AMPLIFICATION AND PHASE SHIFT 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 
> 
e° Vec+ = +15V 
7 FERL = 10 ko § Vec+ = +15V 
2 2 RL = 10 ko 0° 
? = 2 Ta = 25°C 
e < 
4% 2 45° = 
O Sp = 77) 
A?) & > & 
@ o ~ 38 
= 22 = DIFFERENTIAL 
a 2 = VOLTAGE 
a AMPLIFICATION 135° 
i ° S (left scale) 
> 2 < 
a 180° 
a, -76 -50°=25)0 26:50 75 100 125 1 10 100 1k 10k 100k 1M 10M 
= Ta—Free-Air Temperature — °C f — Frequency — Hz 
@ FIGURE 10 FIGURE 11 
~” 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
250 250 
No Signal 
< 200 4 200 
| me 
r uE 
cs 5 
a 150 150 
> oO 
a > 
Ss e 
° 100 3 100 
+ 
oO +H 
Oo oO 
1H 0 2 50 
Vec+ = +15V > 
No Signal 
No Load 
0 0 
-75 -50 -25 0 25 50 75 100 125 
\Vcc+|—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 12 FIGURE 13 


TA 10-pF compensation capacitor is used with TLO60 and TLO6OA. 
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TLO6O, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLO6G1B 
TLO62, TLOG2A, TLOG2B, TLOG4, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


‘TYPICAL CHARACTERISTICSTt 


ALL EXCEPT TLO6_C 


TOTAL POWER DISSIPATED COMMON-MODE REJECTION RATIO 
vs 
VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
& Vec+ = +15V 
= RL = 10 kQ 
E = 
| cc 
3 5 
oe - 
EB 3 Z 
” ® 
Oo cc 
5 e 7.) 
3 © bes 
S . © 
: = 
8 E rot 
- 
i : E 
a Be = § 
: as 
O 8 = 
-75 -50 -25 O 25 50 75 100 125 -75 -50-25 O 25 50 75 100 125 ro) 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C os 
FIGURE 14 FIGURE 15 rT 
. 
© 


NORMALIZED UNITY GAIN BANDWIDTH 


SLEW RATE, AND PHASE SHIFT INPUT BIAS CURRENT 
vs vs 
© FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
& 100 ——— 
- i Evces = £6 
CEURE SNe 2s (ES ee a De Ss 
a eae IS 
2 < 10 ee eS ese 
e cs 
£ = Ll 
Ss) ” S 4 
3 Res 2 & 
= 
5 SLEW RATE £ 0 : 
[ee] 1 ” 
1 (left scale) - eee 
Ee CoS eles 
8 3 Fy ; 
20.9 0995 £ 
5 cle a Bes a 
Bog) “eee = #tlY 0.98 0.04 sees eer econo 
3 acpi or Seas emg tees 
= f = By for Phase Shift 
$07 it bias i ae 0.01 EES ee 
-75-50-25 0 25 50 75 100 125 =§0 =26 6° 26; 80°75 —100. 128 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C 
FIGURE 16 FIGURE 17 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
10-pF compensation capacitor is used with TLO60 and TLO60A. 
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TLO60, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLOG1B 
TLO62, TLOG2A, TLO62B, TLO64, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


sisiduy jeuoieisdo bal 


Input and Output Voltages— V 


TYPICAL CHARACTERISTICST 
OUTPUT VOLTAGE 


VOLTAGE FOLLOWER ie 
LARGE SIGNAL PULSE RESPONSE ELAPSED TIME 


Saicn® 4 
ea 


OVERSHOOT 
: ae eee 
os 
/ i 
i) Lat TT 
Po ee : 
r-) 
See 2 eo 2a 
Bee Be egw 
& 
6 8 
a | 
° 
> 4 


C_ = 100 pF 
Ta = 25°C 


0 2 4 6 8 10 0 02 04 06 08 1 
t—Time—ys t—Time—ys 
FIGURE 18 FIGURE 19 


EQUIVALENT INPUT NOISE VOLTAGE 


vs 
FREQUENCY 


TIL, peers 89 
Rs = 100 2 

STH TMI1 2 sees 

ATT TT Tnn 
CUNO TT 
CN 
CT Rit AUD 
; rr 


10 40 100 4001k 4k10k 40k 100k 


f— Frequency —Hz 


FIGURE 20 


n 100 


90 


80 


70 
60 
50 
40 
30 
20 


Vn—Equivalent input Noise Voltage—nV/V/Hz 


sfaceeo 
raf | 


Voc+ = +15V 


RL = 10 ko 
het RIBS 


1.2 1.4 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
10-pF compensation capacitor is used with TLO60 and TLO6OA. 
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TLO60, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLOG1B 
TLO62, TLOG2A, TLOG2B, TLO64, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


INPUT 100 kQ 


OUTPUT 


INPUT 


Vcc-— 


FIGURE 21. INSTRUMENTATION AMPLIFIER 


Re = 100 kQ2 


INPUT OUTPUT 


Operational Amplifiers ke 


OUTPUT 


Cr = 
R1=R2=2R3=1.5MQ 
C3 
C1=C2= — =110pF 
9.1kQ 2 
fo = ———_ = 1 kHz 
27 R1C1 
FIGURE 22. 0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 23. HIGH-Q NOTCH FILTER 


FIGURE 24. AUDIO DISTRIBUTION AMPLIFIER 
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TLOGO, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLO62B 
TLO62, TLO6G2A, TLOG2B, TLO64, TLO6G4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


+15 V 
10 kQ2 
10 kQQ 
100 pF 
10 kQ 
10 kQ2 


—15V 


FIGURE 25. LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER 


OUTPUT 


sidipijduy jeuoiesedgo oe 


FIGURE 26. AC AMPLIFIER 


10k22 =100 kQ2 TkQ 


FIGURE 27. MICROPHONE PREAMPLIFIER WITH TONE CONTROL 
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TLOGO, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLOG1B 
TLO62, TLOG2A, TLO62B, TLOG4, TLO64A, TLO64B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


FIGURE 28. INSTRUMENTATION AMPLIFIER 


IC PREAMPLIFIER RESPONSE CHARACTERISTICS 


25 

oo (MAX Bass | | LIIIlIl | | max 
matlll Vecs ie te =n yv | TREBLE a 

TT TIAA = Macs te Oi = 


2 TREBLE 


20 40 100 200400 1k 2k 4k 10k 20k 
f— Frequency — Hz 


FIGURE 29 


EXAS U 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


Operational Amplifiers “ 


2-371 


TLO6O, TLOGOA, TLOGOB, TLOG1, TLOG1A, TLOG1B 
TLO62, TLOG2A, TLO62B, TLOG4, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


220 k{2 


0.00375 uF 
10 kQ 


MIN MIN 
100 kQ 100 kQ 
BASS TREBLE 
wes 10k2 = - 3.3K | URE 
OUTPUT 
0.03 uF 
10 kQ 0.003 uF 
fe) Ane 
OG 1002 | a7KQ s 68 kQ 
® BALANCE| } ita 10 pF 
© 
ot 75 uF - 50 pF 
©) 
a — 
® t 
> FIGURE 30. IC PREAMPLIFIER 
o 
aa 
@ 
= 
~” 
U 
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TLO66M, TLOGG6I, TLOG6C, TLOGGAC, TLOGG6BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


D2494, FEBRUARY 1979—REVISED NOVEMBER 1988 


5 DEVICES COVER COMMERCIAL, TLO66M . . . JG PACKAGE 
INDUSTRIAL, AND MILITARY TLOG6I, TLOG6C, TLO66AC, TLOG6BC . . . D, JG, OR P PACKAGE 


TEMPERATURE RANGES dad al 
OFFSET N1(]1  8[] PWR CONT 
@® Very Low, Adjustable (‘‘Programmable’’) IN — 71) Vec+ 
Power Consumption IN+{LJ}3 6 |} OUT 
® Adjustable Supply Current... 5 pA to Vec-L{4___ SPJ OFFSET N2 
200 pA 


Very Low Input Bias and Offset Currents TLOGGM . . . FK PACKAGE 


(TOP VIEW) 
Wide Supply Range... +1.2 Vto +18 V lel, 
ce 2 
Wide Common-Mode and Differential fe. 
Voltage Range we 
oe eee oo eS) ” 
Output Short-Circuit Protection o 
o 3.4 = 
i . .» JPET- sams 
High Input Impedance JFET-Input Stage nch 4 i8C1NC = 
@® Unity-Gain Bandwidth ... 1 MHz Typ IN—f])5 7OVec+ = 
(100 kHz at 25 pW) Nc) 6 16(]NC m= 
, IN+ [J 7 1S[JOUT 
@ High Sl ... 3.5 Vins T — 
igh Slew Rate 3.5 V/us Typ nche 1aCINC 5 
@ Internal Frequency Compensation 9 10 2 5 
@ Latch-Up-Free Operation > % oS % = 
@ Common-Mode Input Voltage Range if © 
Includes VCC + ue 2. 
o) 
NC—No internal connection 
TLO66M IS NOT RECOMMENDED FOR NEW DESIGNS 
description symbol 
The TLO66, TLO66A, and TLO66B are JFET- OFFSET NULL 
input operational amplifiers similar to the TLO61 ie 
with the additional feature of being power- OFFSET NULL 
adjustable. They feature very low input offset N2 
and bias currents, high input impedance, wide NONINVERTING 
bandwidth, and high slew rate. The power- INPUT IN+ 
control feature permits the amplifiers to be INVERTING CuTeuy 
adjusted to require as little as 25 pW of power. INPUT IN— 


This type of amplifier, which provides for 
changing several characteristics by varying one 
external element, is sometimes referred to as 
being ‘‘programmable.’’ The JFET-input stage 
combined with the adjustable-low-power feature 
results in superior bandwidth and slew-rate 
performance compared to low-power bipolar- 
input devices. 


The TLO66M is characterized for operation over the full military temperature range of —55°C to 125°C; 
the TLO66I is characterized for operation from —40°C to 85°C; the TLO66C, TLO66AC, and TLO66BC 
are characterized for operation from O°C to 70°C. 


Copyright © 1983, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information ‘ 

current as of publication date. Products conform to i} 

pom er per lme of Texas ae sabi TE 9-373 
ndard warranty. Production processing does no - 

necessarily include testing of ail neste Rona INST RUM ENTS 
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TLOG6M, TLOGGI, TLOGGC, TLOGGAC, TLOGGBC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


AVAILABLE OPTIONS 


Vio MAX icc {anal eMen LTO  ceee ee 
pla oC SMALL-OUTLINE | CHIP-CARRIER | CERAMIC DIP | PLASTIC DIP 
(D) (FK) (JG) (P) 


15 mV TLO66CD TLO66CJG TLO66CP 
to 6 mV TLO66ACD TLO66ACJG TLO66ACP 
70°C 3 mV TLO66BCD TLO66BCJG TLO66BCP 


TLO66ID oo asl TLO66IJG TLO66IP 


2 


schematic 


siayduiy jeuoinessdg 


NONINVERTING 


INPUT 
INVERTING 
INPUT 
2.85 ; 
CC ~ 2.85+Rex_ ° CCl0) 
where Re xt is in k2 
and Iccio) = !cc with Rex = 0 
POWER 
CONTROL 
Rext 
Vcec- 
OFFSET OFFSET OUTPUT 
NULL NULL 
(N1) (N2) COMPONENT VALUES SHOWN ARE NOMINAL 
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TLO66M, TLOGG6I, TLOG6C, TLOG6AC, TLOG6BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc + (see Note 1) 
Supply voltage, Vcc — (see Note 1) 
Differential Inpat voltage [aes Note 2) 


TLOG6E6C, 
TLO66AC, 


[Duration of output short circuit (see Note 4) SSSSSCSCSCS*S~*~*~S~S~*dCnimited | unlimited | unlimited |_| 
See Dissipation Rating Table 

Operating free-air temperature range I-55 to 125}-40to85| Oto70 | °C | 
[Storage temperature range SSCS*~“‘“‘~*~*~‘“‘“~*~*~*S*S*S*S*C*d tO 180} 6S to 150] 6H to 180] °C _| 
[Case temperature for 60 seconds —=—===~=~*~‘“‘*~*drCPK wpackage’=*S=CiO|C °C 
[Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | Dor P package] 


NOTES: 


2 


. All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc-. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 

. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that 
the dissipation rating is not exceeded. 


WN — 


DISSIPATION RATING TABLE 


Ta =< 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING POWER RATING 
D 680 mW 5.8 mW/°C 


PACKAGE 


Operational Amplifiers 


FK 680 mW 11.0 mW/°C 
JG (TLO66M) 680 mW 8.4 mW/°C 
JG (all others) 680 mW 6.6 mW/°C 
P 680 mW 8.0 mW/°C 
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electrical characteristics, VCC = +15 V 


TLO66M TLOG6I TLO66C 
PARAMETER TEST CONDITIONST 
MIN TYP MAX| MIN TYP MAX | MIN TYP MAX 


Vo = O, Rs = 502, 
Ta = 25°C 
Vo = O, Rs = 502, 


Vio Input offset voltage 


Ta = full range Sei Gugsar }eesen ce 

Temperature coefficient | Vo = 0, Rs = 502, 

avid : pV/°C 
of input offset voltage Ta = full range 


30 400 


¥o.= 9, TA = 2G 
lio Input offset current? 0 A 

Vo = 0, A = full range ae 
IB 


; 
Vo = O, Ta = 25°C 
I Input bias current? O A 
Vo = 0, Ta = full range ee ae 


—12 -—12 —12 
A = 25°C +11.5 to +11.5 to +11 
+15 +15 +15 


T 
Ta = 25°C, Ry = 10 kQ +10 +13.5 +10 +13.5 +10 +13.5 


Common-mode input 


Vv 
ICR voltage range 


Maximum peak 


YOM output voltage swing 
Ry = 10 kQ, Vo = +10V, 
rope Large-signal differential Ta = 25°C 
voltage amplification RL = 10 kQ, Vo = +10V, 


Ta = full range 

B Unity-gain bandwidth Ta = 25°C, Ri = 10 kQ 
Ta = 25°C 

k 


) 
7 


Vic = Vicr min, Vo = O, 


UNIT 
mV 
1 se ee AR: ES Re) RG ES 
7 OT Ae ees aa) ERR Cees ed 
Pe ED Res SRE ET DR = TTT 
Common-mode 
CMR Ni. ‘ 80 86 80 86 70 6 
rejection ratio Rs = 50Q, Ta = 25°C 
Supply voltage rejection] V = +9 Vto + 18 V, Vo = O, 
PAPI ec: Mak en cea ce 0 80 95 80 95 70 95 
ratio (AVcc +/AVjoC) Rs = 502, Ta = 25°C 
Vo = 0, No load, 
P Total power dissipation 6 7.5 6 7.8 6 7.5 
Ta = 25°C PP eee ee ee 
| Supply current nee oe sudhaege pA 
3 fe pply Ta = 25°C 


TAll characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range of Ta is —55°C 
to 125°C for TLO66M; — 40°C to 85°C for TLO66I; and 0°C to 70°C for TLO66C. The electrical parameters are measured with the power-control terminal (pin 8) 
connected to Vcc -_. 

input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature-sensitive. Pulse techniques must be used 
that will maintain the junction temperature as close to the ambient temperature as is possible. 
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TLO6GGAC, TLOG6BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc = +15 V 


PARAMETER TEST CONDITIONSt TLOSSAC TLO66BC 
Rs 


MIN TYP MAX; MIN TYP MAX ee 


Vo = O, onal 50 2, 


Ta = 25°C 


Ta = full range 
Temperature coefficient | Vo = O, Rs = 509, 
Baa cer SAQO| 100 
TES 
ema. A eee 


Vio ___ Input offset voltage 


Vo = 0, Ta = 25°C 
lio Input offset current? 0 A Epa 
wo = * FB ah Pane ee 

vg 9, Ta = 26°C 
iB Input bias current? e) A pe 
— Ta = full range 


Common-mode input 
voltage range 


Maximum peak 
VOM , 

output voltage swing 
Ri = 10 kQ, Vo = +10V, 
Large-signal differential 


voltage amplification 
Ta = full range 


B1 _Unity-gain bandwidth Ta = 25°C, Ra Te as era 
Ta = 25°C Re IG | 


Ta = 25°C 
RL = 10 kQ, Vo = +10V, 


Ta = 25°C, Ri = 10 kQ, +10 +13.5 +10 +13.5 


Ta = full range, Ri = 10 kQ +10 +13.5 +10 +13.5 


rj 
[fo Output resistance | Ta = 25°C f = 1 kHz 


Common-mode Vic = Vicrmin, Vo = 90, 
CMRR 80 86 80 86 
Rg = 50 0, Ta = 25°C 
80 95 
200 250 


Operational Amplifiers B® 


Suppl It 
peice vg Vec = +9Vto +15 V, Vo = 0, 
ksyvR_ rejection ratio 


80 95 
Rs = 50Q, Ta = 25°C 
(AVcc +/AVIC) 


Ta = 25°C 
Ta = 25°C 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
of Ta is —55°C to 125°C for TLO66M; —40°C to 85°C for TLO66I; and 0°C to 70°C for TLO66C, TLO66AC, and TLO66BC. The electrical 
parameters are measured with the power-control terminal (pin 8) connected to Vcc -. 

+input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature-sensitive. Pulse techniques 
must be used that will maintain the junction temperature as close to the ambient temperature as is possible. 


m 


A 

A 
-12 -12 

Ta*= 26°C +11.5 to +11.5 to V 
+15 +15 

V 

WwW 

pA 
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TLO66M, TLOGG6I, TLOG6C, TLOGEC, TLOGGBC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, VCC + = +15 V, TA = 25°C, Rext = 0 


PARAMETER 
Vi = 10 V, Ri = 10 kQ, 
Ci = 100 pF, See Figure 1 
V; = 20 mV, R~ = 10 kQ 


Cy = 100 pF, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 
10 kQ 
O 
xo) Vi 1 kQ 
) Vi 
= 
4 Cy = 100 pF RL = 10 kQ R c alte 
_ L iba! p 
° = 
a = i 
o - 
> FIGURE 1. UNITY-GAIN AMPLIFIER FIGURE 2. GAIN-OF-10 INVERTING AMPLIFIER 
3 
v 
=e INPUT OFFSET VOLTAGE NULL CIRCUIT 
© 
heme 4 
: 
N1© ON2 
Vec-— 
FIGURE 3 
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TLOG6M, TLOGG6I, TLO6G6C, TLOG6AC, TLOGGBC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


INPUT BIAS CURRENT MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


9 
cc+ = + 
> 
40 F Rext = 0 
® 
< o 
i i nn es eer aes ee ee = 
t Ss Seas See SS es ee > 
ee $ 
= a 
3 8 
3 ————— x ” 
— oR CG e s+ Oe ee) Ste eS Se 2 ee eee ts] 
ree & 
a E = 
& 2 se 
is OS ——_——————————————— e. 
= Seer GS e: So ie ee Giese Se ee @ = 
0.04 . 
5 = § 
oO eae 
0.01 > © 
-50 -25 0 25 50 75 100 125 0 2°. £24 2. 10s 1Ba7t4 16 3 
Ta—Free-Air Temperature — °C l\Vec+|—Supply Voltage—V 2 
FIGURE 4 FIGURE 5 @ 
‘ . 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE ro) 
vs vs 
EXTERNAL CONTROL RESISTANCE FREE-AIR TEMPERATURE 


Ta an 
Hl naa a 
Ha 


Vec+ = +15V 


TT NT 
A 


Rext = 0 
+15 V R~ = 10 kQ 
See Figure 2 
1 10 100 1k 10k 100k -75-50-25 0 25 50 75 100 125 
Rext— External Control Resistance — () Ta—Free-Air Temperature— °C 
FIGURE 6 FIGURE 7 


Vom—Maximum Peak Output Voltage—V 
Vom— Maximum Peak Output Voltage—V 


T Data at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TLO6G6M, TLOGGI, TLO66C, TLOGGAC, TLOG6BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
LOAD RESISTANCE FREQUENCY 


Rext = 0 
RL = 10 ko 
Ta = 25°C 


See Figure 2 
Say a Sh ae 


I 
ai a alll 
ML Uh A STH 


Vcec+ = t15V 

Rext = 0 
+12.5 Ta = 25°C 

See Figure 2 


+ 
ok 
N 
ol 


+ 
a 
o 


+10 


+ 
~J 
ol 


+7.5 


+5 


I+ 


Vec+ = +5V = +5 i 


aan 


Vom— Maximum Peak Output Voltage—V 
Vom—Maximum Peak Output Voltage—-V 


sisyydwuy jeuojeiodg Bs 


+2.5 $2.5 Vecs = #2 VII 
0 0 tt SA 
100 200 400 7001k 2k 4k 7k10k 1k 10 k 100 k 1M 10M 
Ri —Load Resistance —) f—Frequency — Hz 
FIGURE 8 FIGURE 9 
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs vs 
EXTERNAL CONTROL RESISTANCE FREE-AIR TEMPERATURE 


co 


Rext = 0 
TORE = 10 kQ 


| 


: at a 
SOE ama: SU 
ae an ea 


a a eh 
ae a a a 


Avp-— Differential Voltage Amplification—V/mV 
b 


Avp-— Differential Voitage Amplification—V/mV 


0 1 
1 10 100 1k 10 k 100 k -75 -50 -25 0O 25 50 75 100 125 
Rext— External Control Resistance — 2 Ta—Free-Air Temperature — °C 
FIGURE 10 FIGURE 11 


TData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TLO6G6M, TLOGGI, TLOG6C, TLOGGAC, TLOG6BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


AND PHASE SHIFT SUPPLY CURRENT 
vs vs 
FREQUENCY SUPPLY VOLTAGE 
> 
‘ 
S 104 0° < 200 
= 10 x 
8 I 2 
g 103 45° 8 150 a 
@® ” > © 
o a © ew 
~ ” a. afr 
2 ae = 
> 102 90° £ . 100 aA 
= DIFFERENTIAL M = 
o VOLTAGE fs) qf 
£ 10 AMPLIFICATION 135° 50 fs 
ra 
1 (left scale) 
Zong 180° ) = 
1 10 100 1k 10k 100k1M 10M aa “a, te. aia Semin Ree” ie eae © 
f— Frequency — Hz Vcc +|—Supply Voltage—V 2 
FIGURE 12 FIGURE 13 oO 
SUPPLY CURRENT easier aibiasnias 
vs 
EXTERNAL CONTROL RESISTANCE FREE-AIR TEMPERATURE 
de 250 
PM TT TT TTT] 
ee = +15V i 
200r— Sotto 200 
< tt x 
. Vec+ = +2 vil m4 
| 
= 100 ttt ttt aa 
o |] ous © 
5 70h oth oon © 150 
Oo ve Hh ian Tk Wann 3 
Po > 
< a 
A 3 100 
Bs Ta = 25°C ey Vec+ = +15V 
© 10/4 See Figure 14) 1 J 2 50t—Rext = 0 
7 No Signal No Signal 
No Load eel wesill ae No Load 
4 tnt Ha 0 
1 10 100 1k 10 k 100 k —75 -50 -25 0 25 50 75 100 125 
Rext— External Control Resistance — 0 Ta—Free-Air Temperature — °C 
FIGURE 14 FIGURE 15 


TData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TLOG6M, TLOGGI, TLOGEC, TLOG6AC, TLOG6BC 


ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


TOTAL POWER DISSIPATION 
vs 
EXTERNAL CONTROL RESISTANCE 


Ht eee HHH 
Vec+ = +15 V FS St 


Tees = 871" SU 


4000 


= 
© 
o 
o 


ostiommass Hive asst 


FHWees = #2 Vitis Sotih Sehti 
= ns 
i rr ise 


CNT 


Ta = 25°C HEE 
OC ee ae 
tert 


40 111 


Pp—Total Power Dissipation — pW 
= db 
ro) ° 
° 


10 
1 10 100 1k 10k 100k 
Rext— External Control Resistance — 0) 
FIGURE 16 | 


ALL EXCEPT TLO66C 
COMMON-MODE REJECTION RATIO 
vs 
FREE-AIR TEMPERATURE 


fee) 
oO 
PS) 
r 
| 
edt 
o 
x 
=) 


CMRR—Common-Mode Rejection Ratio— dB 
© 
b 


81 
-75 -50-25 O 25 50 75 100 125 


Ta—Free-Air Temperature — °C 
FIGURE 18 


ALL EXCEPT TLO66C 
COMMON-MODE REJECTION RATIO 
vs 
EXTERNAL CONTROL RESISTANCE 


a a 
CUT TN 


A OY 
ceria Ml ll 


R- = 10 kQ 
Ta = 25°C 

1 10 100 1k 10k 100k 

Rext— External Control Resistance — 0 


FIGURE 17 


CMRR—Common-Mode Rejection Ratio— dB 


EQUIVALENT INPUT NOISE VOLTAGE 


vs 


FREQUENCY 
\ ts = 100 kQ 


lla 
x Se 


120 


Vcc+ = +15 V 
Rs = 100 2 
Ta = 25°C 


o 
o 


Rext = 0 


10 40 100 4001k 4k10k 40k 100k 
f — Frequency — Hz 


FIGURE 19 


bh 
oO 


NO 
=) 


Vn—Equivalent Input Noise Voltage—nV/VHz 


i) 


TData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TLOGEM, TLOG6I, TLOGGC, TLOGGAC, TLOG6BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


EQUIVALENT INPUT NOISE VOLTAGE UNITY GAIN BANDWIDTH 
vs vs 
SOURCE RESISTANCE EXTERNAL CONTROL RESISTANCE 


Lt 
;: Per eM LAM TMM LE Lh 
ee 11 am a ea = 2 
ei i oni 
ro) = 
> | = 
Ane Titse calc 3 ea ‘oe 2 
= atl a SS 
3 —iessaiioe 507 SSetitasatit evguliamstii oti 
O00)\o 
" 1 eI rt | 5 oo 
2 3 oat ot Wiuasetiti SS 
: : CCN = = 
Pent i a a a 5 
3 ITRL = 10 ko - 0.2 = 
" Ta = 25°C a Rit = 10 kQ q 
: "Ais i 
? 0.1 © 
10 40100 4001k 4k10k 40k100 k 1 10 100 1k 10 k 100 k 3 
Rs— Source Resistance—0 Rext— External-Control Resistance — 02) ‘~~ 
FIGURE 20 FIGURE 21 : 
NORMALIZED UNITY GAIN BANDWIDTH ra} 
SLEW RATE SLEW RATE, AND PHASE SHIFT 
vs vs 
EXTERNAL CONTROL RESISTANCE FREE-AIR TEMPERATURE 


1.03 


Vec+ = +15V 
Ri_ = 10 kQ 
Cy. = 100 pF 
Ta = 25°C 
See ali | 


a ae 1.01 


SLEW RATE 
(left scale) 1 


SR—Slew Rate-V/ys 
N 
Normalized Phase Shift 


Vcec+ = +15V 
RL = 10 kQ 
f = By for Phase Shift 


Normalized Unity-Gain Bandwidth and Slew Rate 


we Py 0.97 
100 1k 10 k 100 k -75-50-25 0 25 50 75 100 125 
Mie Re -Control Resistance — 1? Ta—Free-Air Temperature— °C 
FIGURE 22 FIGURE 23 


TData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TLO66M, TLOGG6I, TLOG6C, TLOGGAC, TLOG6BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


OUTPUT VOLTAGE 
VOLTAGE FOLLOWER vs 


LARGE SIGNAL PULSE RESPONSE ELAPSED TIME 


L— it et 
eo Bae. ie OVERSHOOT Bs 


N 
tee] 


Nh 
h 


> > aan 
if / E 20 ——a 
: Wig a 
2k g 16 : 
: Stee | | 
3 ~ 
a =} 
O 3 & 
= ee 6 8 
= & Vec+ = +15V 5 
a 3 Rext = 0 > 4 Vcc+ = +15V 
= RL = 10 kQ Rext = 0 
= CL = 100 pF i) RL = 10 ko 
2 Ta = 25°C Ta = 25°C 
-~4 
> @) 2 4 6 8 10 0 02 04 06 08 #1 1.2 1.4 
3 t—Time—ys t—Time—ys 
oe FIGURE 24 FIGURE 25 
= 
oO TData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
= 
” 


TYPICAL APPLICATION DATA 


10 k®, 10 kQ, 
pod 0.1% 0.1% 


INPUT 100 kQ2 
A 
Rext OUTPUT 
Vec= 
100kK2 gay 
Vcc+ 
INPUT 100 kQ 
B 
10 kQ, 10 kQ, quo 8 
0.1% 0.1% 
Rext 
Veeu 
FIGURE 26. INSTRUMENTATION AMPLIFIER 
TEXAS wip 
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TLO6G6M, TLOG6I, TLO6G6C, TLOG6AC, TLOGEBC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


10 kQ 100 kQ 1 kQ 


270 2 0.003 uF 0.001 uF 


J 


Operational Amplifiers ie 


50 kQ 


0.02 pF 
FIGURE 27. MICROPHONE PREAMPLIFIER WITH TONE CONTROL 


0.1 pF 


FIGURE 28. AC AMPLIFIER 
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TLOGGAC, TLOGEBC | 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


IC PREAMPLIFIER RESPONSE CHARACTERISTICS 


25 
nee LI 
sat | Vec+ = +15 V | TREBLE 
ed || EET 
rTM 
A 
Tn en 
on LNT 
= 
an ri & 


q 
ae muti a Th 
A TAM Tv 
| si “fs 


20 40 100 200400 1k 2k 4k 10k 20k 
f— Frequency —Hz 


FIGURE 29 


Voltage Amplification—dB 
° 


siaipyduiy jeuoieisdgC a 


INPUT 
0.003 pF Rex 


0.03 uF Pi OUTPUT 
9) 


68 kQ 


FIGURE 30. IC PREAMPLIFIER 
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TLO70, TLO70A, TLO71, TLO71A, TLO71B, 


TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 


LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


D2393, SEPTEMBER 1978—REVISED JANUARY 1989 


19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 


Low Power Consumption 


@ Wide Common-Mode and Differential 
Voltage Ranges 


@ Low Input Bias and Offset Currents 
Output Short-Circuit Protection 


@® Low Total Harmonic Distortion .. . 
0.003% Typ 


@ Common-Mode Input Voltage Range 
Includes Vcc + 


description 


The JFET-input operational amplifiers in the TLO7__ series are designed as low-noise versions of the TLO8__ 
series amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion 
and low noise make the TLO7__ series ideally suited as amplifiers for high-fidelity and audio preamplifier 
applications. Each amplifier features JFET-inputs (for high input impedance) coupled with bipolar output 
stages all integrated on a single monolithic chip. 


The M suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. The | suffix devices are characterized for operation from —40°C to 85°C, and the C suffix 


Low Noise... Vn = 18 nV/VHz Typ 
High Input Impedance . . . JFET-Input Stage 


Internal Frequency Compensation (Except 
TLO70, TLO7OA) 


Latch-Up-Free Operation 
High Slew Rate. . . 13 V/us Typ 


devices are characterized for operation from O°C to 70°C. 


AVAILABLE OPTIONS 


CERAMIC 


CARRIER 
(FK) 


6 mV 
10 mV 
6 mV 


CERAMIC 
DIP 
(JG) 
TLO7OCJG 
TLO71CJG 
TLO71ACJG 


METAL 
AN 
(L) 


Operational Amplifiers By® 


PLASTIC PLASTIC 
DIP DIP 
(N) (P) 


TLO7OCP 
TLO7ZOACP 


3 mV 
10 mV 
6 mV 
3 mV 
10 mV 
6 mV 
3 mV 


70°C 


TLO71BCD 
TLO72CD 

TLO72ACD 
TLO72BCD 
TLO74CD 

TLO74ACD 
TLO74BCD 


TLO71BCJG 
TLO72CJG 
TLO72ACJG 


TLO72CP 
TLO72ACP 
TLO72BCP 


TLO71CP 
TLO71ACP 
TLO71BCP 


TLO7OID 

TLO71ID 

TLO72ID 

TLO74ID 
TLO71MFK 
TLO72MFK 


TLO7OIJG 
TLO711JG 
TLO72IJG 


TLO71MJG 
TLO72MJG 


TLO74MFK | TLO74MJ 


TLO74CN 
TLO74ACN 
TLO74BCN 


TLO75CN 


TLO7OIP 

TLO711P 

TLO72IP 
TLO74IN 


ap 
aaa 
co) 
~ 
pL 
= 


The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLO71CDR). 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


% 


Copyright © 1983, Texas Instruments Incorporated 


standard ‘ap hien’ 
necessarily inclu 


Production processing does not 
testing of all parameters. 
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TLO70, TLO70A, TLO71, TLO71A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TLO70, TLO7OA 
D, JG, OR P PACKAGE 


TLO71, TLO71A, TLO71B 
D, JG, OR P PACKAGE 


TLO72, TLO72A, TLO72B 
D, JG, OR P PACKAGE 


(TOP VIEW) (TOP VIEW) (TOP VIEW) 
N1/COMP[f1 (J 8}] COMP N1/oFFSET (1 U sf] NC out (1 U sf Vcc + 
IN - 71) Vec+ IN-O2 71) Vec+ AMPL< IN- (2. -7[] OUT) angny 
IN+ L]3 6|) OUT IN¢+ L]3 6{] OUT #1 IN+ []3 6] IN #2 
Vec - []4 5| ] OFFSET N2 Vec— L]4 5|[] OFFSET N2 Vec- L}4 S|) IN + 
TLO74, TLO74A, TLO74B 
D, J, OR N PACKAGE TLO75 
TLO74 .... W PACKAGE N PACKAGE 
? (TOP VIEW) (TOP VIEW) 
5°) 
@ 
=] 
® 
a, 
o 
= 
© 
= TLO71.... L PACKAGE TLO72... L PACKAGE 
> (TOP VIEW) (TOP VIEW) 
3 Vcc + 
ZS 
parte - N 
on 6 fe) 
= 3 Z 
7) o i 
re 
a a 
= = 
< a 
Vcc - Vcc - 
PIN 4 1S IN ELECTRICAL CONTACT PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE WITH THE CASE 
TLO72 TLO74 
FK PACKAGE FK PACKAGE 
lioeid, (TOP VIEW) (TOP VIEW) 
FK PACKAGE a 
(TOP VIEW) Bo. tat i Ah es ! 
O-r 0OOO0 Ss EES 2.570 = 
ee, ae ee ee Za =-— 21S 2 --e Z2ate¢ 
85 9 ea =a Taal 0S GS fy Wa. Fs yj Pe 1 & 23 ye iy Sa 
Bre Re 19 Se aa Roce te) 19 
NC{j 4 18L] NC NC 4 1g8f}NC 1 IN+ 18[] 4 IN+ 
IN- [D5 7WVcc+ -IN- 5 17(] 2 OUT NC 17) NC 
NC [J 6 '6L] NC NC [} 6 16f7NC Vece 16] Vec - 
IN¢+ fF) 7 15[} OUT 1IN+ f}7 15[} 2 IN- NC 15U} NC 
NC 8 14L] NC NC fs 14[] NC 2 IN+ 147] 3 IN+ 
9 13 9 9 
speden Tam Tam ies UA Bae Vrs hae So tae Bow tee k oes 
GC 1 OoN-© Opie © po Gakss} 
O S) = =O o— 
2 ee N NN mo 
NC —No internal connection. 
TEXAS ais 
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TLO70, TLO70A, TLO71, TLO71A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


Vcoc+ 


NONINVERTING 
INPUT 


INVERTING 
INPUT 


OUTPUT 


Operational Amplifiers o 


OFFSET 
> | NULL/COMP (N1) Rehag 
ad 
z 
re) OFFSET 
° NULL (N2) 
°o 
oa | 
= 
COMP -—— — 
Vec- 4] 
OFFSET OFFSET 
NULL NULL 
(N1) (N2) C1 = 18 pF ON TLO71, TLO72, TLO73, 
TLO74, AND TLO75 ONLY. 
TLO71 ONLY COMPONENT VALUES SHOWN ARE NOMINAL. 
symbols 
TLO70 
N1/COMP 
TLO71 


TLO72 (EACH AMPLIFIER) 
COMP N1 TLO74 (EACH AMPLIFIER) 


IN + IN + IN + 
OUT OUT OUT 
IN — IN - IN — 
N2 N2 
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TLO70, TLO7OA, TLO71, TLO71A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc + (see Note 1) 
Supply voltage, Vcc — (see Note 1) 
Differential input voltage (see Note 2) 

Duration of output short circuit (see Note 4) 
Continuous total dissipation See Dissipation Rating Table 


Operating free-air temperature range |- 55 to 125) -— 40 to 85 
Storage temperature range — 65 to 150|-65 to 150) — 65 to 150} °C | 


Case temperature for 60 seconds FK package 


J, JG, 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds = 
W package 
| : : : ee 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
P package 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds L package 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc -. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 

. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that 
the dissipation rating is not exceeded. 


PWN = 


DISSIPATION RATING TABLE 


Ta =< 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING POWER RATING 
D (8-pin) 5.8 mW/°C 
D (14-pin) 7.6 mW/°C 
FK 11.0 mW/°C 
J (TLO7__M) 11.0 mW/°C 
J (all others) 8.2 mW/°C 


PACKAGE 


JG (TLO7__M) 8.4 mW/°C 
JG (all others) 6.6 mW/°C 
L 6.6 mW/°C 


N 9.2 mW/°C 
P 8.0 mW/°C 
W 8.0 mW/°C 
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TLO71M, TLO72M, TLO74M 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, VCC + = +15 V (unless otherwise noted) 


TLO71M 
TLO74M 
PARAMETER TEST CONDITIONSt TLO72M gee UNIT 


TYP MAX MIN TYP MAX 
(RGN RET Boe Ta = 26°C ete oo aor 
seat lig 60 (ee eect et oe 


Temperature 
Vo = 0, Rs = 502, 
aVI9 coefficient of Ta = -55°C to 125°C zwV/°C 
input offset voltage 


input offset Ta = 25°C Ce Ba LI 
current? eas ca Ta aoa st rm eam 


fy EL Ce a SR 
Input bias current = 
ae CO 2 RR SES ea as 


C n-mode ee pik 
ommon-mo 
Mien: 2. 26°C 

input voltage range +15 +1 ie 


Maximum RL = 10 kQ Ta = 25°C +12 +13.5 £12 £195 
Vom peak output [ALE TOM Ty cece 2pec v 
voltage swing [AL = 2K 


Avp differential voltage V/mV 


Unity-gain bandwidt 
= 25°C 


Commdp mode ve VicR min, Vo = O, 

CURRY vag Vec = +15 Vto +9 V, Vo = 
KSVR rejection ratio Rs = 509, Ta = 25°C 

(AVcc +/AVjo) 

Supply current No load, Vo = 0, 


{each amplifier) Ta = 25°C 
Vo1/Vo2 Crosstalk attenuation) Ayp = 100, Ta = 25°C 


TAIl characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. 
tinput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown 
in Figure 6. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 
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Operational Amplifiers 
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SLNANNUYLSN] 
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electrical characteristics, VCC + = +15 V (unless otherwise noted) 


TLO7OI TLO70C 
TLO711 TLO71C 
PARAMETER TEST CONDITIONSt TLO72I TLO72C 
TLO74I TLO74C 


Te Ulla ESE 
Input offset voltage 
= 50.9 th RS BRA 


TLO7OAC 
TLO71AC 
TLO72AC 
TLO74AC 


TLO7OBC 
TLO71BC 
TLO72BC 
TLO74BC 

MIN MAX 


UNIT 


< 


m 


a 


= full range 


aVi9 coefficient of nVv/°C 


input offset voltage 
; Input offset 
10 current? 
lip Input bias current* 


Common-mode 


Rs = 502, 
Re Se Reese eG 
eH Fe 29°90 eed | io) BB. 5200 | 


=12 =12 
= 25°C £7 to 
+15 +15 +15 +15 


= 10 kf +12 +13.5 +12 +13.5 +12 +13.5 +12 +13.5 
= full range 


VICR 


input voltage range 


Maximum 


Vom peak output 


voltage swing 


Large-signal 
Avp differential voltage 
wes wlan 


pave Common-mode — VICR Min, Vo = O, 
rejection ratio Rs = 50Q, Ta = 25°C 


Supply voltage 
gets : Vcc = +15 Vto +9V, Vo = 90, 


Rg = 509, Ty = 25°C 


© 
o 
=i 
8 
© 
°o 
= 
8 


KsvR rejection ratio 


(AVcoc +/AVj¢) 
Supply current No load, Vo = 
(each amplifier) = 25°C 


H 

=~ 

pe | 

°o — 
N 


© 
°o 
—_ 
8 
© 
°o 
_ 
8 


Vo1/Vo2 Crosstalk attenuation 


reanege 100, Ta = 25°C 


TAIl characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for Ta is —40°C to 85°C for TLO7_| and O°C to 70°C 
for TLO7__C, TLO7__AC, and TLO7__BC. 

tinput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 6. Pulse techniques must be used that will maintain 
the junction temperature as close to the ambient temperature as possible. 
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TLO70, TLO70A, TLO71, TLO71A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, VCC + = +15 V, Ta = 25°C 


TLO7_M ALL OTHERS 
nanan dadt counéeion a. 


: _ | Vy = 10 V, RL = 2 kQ, 
Slew rate at unity gain . 
Ci = 100 pF, See Figure 1 


SR 
, __ Rise time Vi = 20 mV, RL = 2 kQ, 
‘ — evershoot factor CL = 100 pF, _ See Figure 1 SSeieae Rion Seas LS ee 
Equivalent input f = 1 kHz nV/./Hz 
Vn : 
noise voltage f = 10 Hz to 10 kHz 
In pA//Hz 
D 


E lent input 
noise current 

TH Total harmonic VO(rms) = 10 V, Rg s 1 kQ, 
distortion Ry = 2 kQ, f = 1 kHz 


PARAMETER MEASUREMENT INFORMATION 


Operational Amplifiers = 


100 ko 
10 ko 
1 kQ 
Vi Vi 
TLO70 
Ri CL = 
for TLO70 = A 100 pF 
and TLO70A + + st = 
FIGURE 1. UNITY-GAIN AMPLIFIER FIGURE 2. GAIN-OF-10 FIGURE 3. FEED-FORWARD 
INVERTING AMPLIFIER COMPENSATION 


INPUT OFFSET VOLTAGE NULL CIRCUITS 


TLO71 


N2 


1.5 kQ 


Vcc-— 


FIGURE 4 FIGURE 5 
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TLO70, TLO70A, TLO71, TLO71A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSTt 


INPUT BIAS CURRENT MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 


Ri = 10 kf 
Ta = 25°C 
See Figure 2 


ii ih 
CTT | Il 
LUM HLTH 


ee RE i eee) Sea Ae 100. +1k 10k 100k 1M 10M 
Ta—Free-Air Temperature— °C 


~ 2D ase) 


liB—Input Bias Current—nA 


+2.5 


Vom—Maximum Peak Output Voltage—V 
+ 
“I 
o 


f— Frequency —Hz 


sioiyydwy jeuoieiedg a 


FIGURE 6 FIGURE 7 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
FREQUENCY FREQUENCY 


Vec+ = +15 V 
RL = 2 kQ 
See Figure 2 


| | RL = 2k0 


Ta = 25°C 
at a a at ran 
Mocs = 210 Sas 


aii a Weill 


ae NT 
im 

ANN 

OTT NANT 


|| Vecs = +5V| 


0 0 ie 
100 1k 10 k 100 k ne “10M 10 k 40k100k 400k1M™M 4M10M 
f —Frequency —Hz f — Frequency — Hz 
FIGURE 8 FIGURE 9 


it Mt iN 
aa ll 


Vom— Maximum Peak Output Voltage—V 


Vom— Maximum Peak Output Voltage —V 
+ 
~ 
o 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. An 
18-pF compensation capacitor is used with TLO70 and TLO7OA. 
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TLO70, TLO70A, TLO71, TLO71A, TLO71B 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE LOAD RESISTANCE 
+15 
> > Vec+ = +15 V 
: t Ta = 25°C 
& & +12.5 F See Figure 2 
i) ) 
> > 
2 g +10 
3 3 2 
= % +7.5 
a a ” 
ben 
E E 2 
E a b= 
< 
| | i£26 be 
= Vec+ = +15V = = 4 
= See Figure 2 2 te 
0 0 © 
-75 -50 -25 0O 25 50 75 100 125 0.1 0.2 0.4 O.7 1 2 4 7:10 =< 
Ta—Free-Air Temperature— °C Ry —Load Resistance —kQ 2 
FIGURE 10 FIGURE 11 © 
® 
LARGE-SIGNAL rs} 
MAXIMUM PEAK OUTPUT VOLTAGE . DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
+15 > 
a RL = 10 k@ E 
! Ta = 25°C > 
8 12.6 § 
$ 8 
5 +10 = 
g : 
}6 < 
<x +7. © 
Fae : 
E Ss 
Be os 3 
x e 
s © 
y <5 SR = 
= a 
S Q 
0 > 
0 2 4 6 8 10 12 14 16 < 


-75 -50 -25 0O 25 50 75 100. 125 
I\Vcc+|—Supply Voltage—V Ta—Free-Air Temperature — °C 


FIGURE 12 FIGURE 13 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. An 
18-pF compensation capacitor is used with TLO70 and TLO7OA. 
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TLO70, TLO7OA, TLO71, TLO71A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


TLO7O 
LARGE-SIGNAL 
DIFFERENTIAL spate ts AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 
FREQUENCY WITH FEED-FORWARD ave i eee 
COMPENSATION ee Ae 


Vec = +15 V 
C2 = 3 pF 

Ta = 25°C 
See Figure 3 


Avp-— Differential Voltage Amplification 


sigyyduy jeuoneisdg BW) 


NORMALIZED UNITY-GAIN BANDWIDTH 
and PHASE SHIFT 
vs 
FREE-AIR TEMPERATURE 


UNITY-GAIN BANDWIDTH 
(left scale) 


Vcoc+ = +15V 
Rt = 2 kQ 
f = By for Phase Shift 


Normalized Unity-Gain Bandwidth 


0.7 
-75 -50-25 0 
Ta—Free-Air Temperature — °C 


FIGURE 16 


Normalized Phase Shift 


Avp-— Differential Voltage Amplification 


CMRR—Common-Mode Rejection Ratio— dB 


DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 


(left scale) 


Phase Shift 


PHASE SHIFT 
(right scale) 


100 1k 10 k 100k 1M 10M 1 10 100 1k 10k 100k1M 10M 
f— Frequency — Hz f — Frequency —Hz 
FIGURE 14 FIGURE 15 


COMMON-MODE REJECTION RATIO 
vs 
FREE-AIR TEMPERATURE 


Vec+ = +15V 
RL = 10 ko 


-75 -50 -25 0 
Ta—Free-Air Temperature — °C 


25 50 75 100 125 


FIGURE 17 


Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. An 
18-pF compensation capacitor is used with TLO70 and TLO7OA. 
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TLO70, TLO70A, TLO71, TLO71A, TLO71B 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT PER AMPLIFIER 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


= 
é : 
e 5 
: : 
3 rs) 
rw = 
S S = 
2 a 
‘ | = 
+1 0.6 = 0.6 = 
3 9 
L 0.4 0.4 = 
0.2 = § 
ps OS 
0: 20423 & : 10542 O12 te -75 -55-25 0 25 50 75 100 125 3 
l\Vcc+|—Supply Voltage—V Ta—Free-Air Temperature— °C — 
FIGURE 18 FIGURE 19 - 
2. 
TOTAL POWER DISSIPATED NORMALIZED SLEW RATE ‘o) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vcc+ = +15V 
Ry = 2 k0 
CL = 100 pF 


No signal 


TT] ves = sv 


Pp—Total Power Dissipated—mW 
Normalized Slew Rate 


25 
0 : 
-75 -50-25 0 25 50 75 100 125 -75 -50-25 0 25 50 75 100 125 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature— °C 
FIGURE 20 FIGURE 21 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. An 
18-pF compensation capacitor is used with TLO70O and TLO7OA. 
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TLO70, TLO70A, TLO71, TLO71A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


EQUIVALENT INPUT NOISE VOLTAGE TOTAL HARMONIC DISTORTION 
vs vs 
FREQUENCY FREQUENCY 


Tl 


ail re Tn LT 
0 ll 


Vec+ = +15V 


Avp = 1 
VuRMS) = 6 V 


Ta = 25°C 


30 


NR 
fo) 


h 


= 
oS 


\ a = 
CESS Ss! a RAE Le ee 


Vn—Equivalent Input Noise Voltage— nV/JHz 
THD—Total Harmonic Distortion—% 


CIC? “SESS 
ooort | LU | TTI | CUT 
10 40 100 4001k 4k 10k 40k 100 k 100 400 1k 4k 10k 40 k 100 k 
f— Frequency —Hz f— Frequency — Hz 
FIGURE 22 FIGURE 23 


sisiyduiy jeuoneisdg Bhs 


OUTPUT VOLTAGE 


VOLTAGE-FOLLOWER vs 
LARGE-SIGNAL PULSE RESPONSE wp ELAPSED TIME 
24 
7 > 
2 ¢ 20 
oS | 
= ® 
Ss 2 16 
S 
2 TA 
é 2 
: g 8 
: s4 
i Vec+ = +15V) 
0 —+— Rp = 2k0 : 
Ta = 25°C : 
-4 - ues 
0 G6 & US @ eh S-~ 35 0 0.1 0.2 0.3 04 05 06 0.7 
t—Time—ys t—Time—ys 
FIGURE 24 FIGURE 25 
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TLO70, TLO70A, TLO71, TLO71A, TLO71B 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


Re = 100 ko 


OUTPUT 


INPUT OUTPUT 


R1 = R2 = 2R3 = 1.5 MQ ae 


1 kQ 


NO 


9.1 kQ C1 = C2 = <= 110 pF 
1 
f = nn ee 
2x Re Ce = fo Sar as 1 kHz 
FIGURE 26. 0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 27. HIGH-Q NOTCH FILTER 


> OUTPUT A 


1 MQ 
Vcc - 


INPUT — 


Operational Amplifiers 


Vec- OUTPUT B 
100 ka 100 ko 
100 ko Vcec- 
Vcc+ 
3 2 OUTPUT C 


Voc— 
Tor TLO75 


FIGURE 28. AUDIO DISTRIBUTION AMPLIFIER 


EXAS ¥ Pare 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLO70, TLO7OA, TLO71, TLO77A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


6 sin wt 1N4148 18 kQ (See Note A) 
-15V 


18 pF 1 ko 
Vcc+ 
88.4 kQ 
6 cos wt 


1N4148 18 kQ (See Note A) 


Note A: These resistor values may be adjusted for a symmetrical output. 


FIGURE 29. 100-kHz QUADRATURE OSCILLATOR 


VoCc+ 


sisiyduiy jeuonessdg ba 


FIGURE 30. AC AMPLIFIER 
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LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


220 k 


0.00375 pF 


10 kQ 


MIN 
100 ko 

BASS 2 
100 2 MAX 

OUTPUT 

INPUT 0.03 pF ” 

003 pF 2 

10 ko 0.003 » Voc - wen 

BALANCE : ad 

100 2 | 47 kQ 68 kQ 5 

47 pF 10 pF = 

50 pF & 

75 pF = 

- ‘e) 

~ 

© 

= he 

® 

FIGURE 31. IC PREAMPLIFIER oS 


IC PREAMPLIFIER 
RESPONSE CHARACTERISTICS 


meneae® | LUI | wax 


melilll Meeg-* SI8Y | THEME.) 


TA = ac °C a 
fing maa ee 


2 Haat 
=e — eS MIN 
: cas COL ee 
-—25 
20 40 100 200 400 1k 2k 4k 10k 20k 
f— Frequency — Hz 
FIGURE 32 


Voltage Amplification—dB 
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TLO80 THRU TLO85, TLO8O0A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


D2297, FEBRUARY 1977—REVISED NOVEMBER 1988 


24 DEVICES COVER MILITARY, INDUSTRIAL AND COMMERCIAL TEMPERATURE RANGES 


@ Low-Power Consumption @ High Input Impedance. . . JFET-Input Stage 
@ Wide Common-Mode and Differential @® Internal Frequency Compensation (Except 
Voltage Ranges TLO8O, TLO80A) 
@ Low Input Bias and Offset Currents @ Latch-Up-Free Operation 
Output Short-Circuit Protection @ High Slew Rate... 13 V/s Typ 
@ Low Total Harmonic ® Common-Mode Input Voltage Range 
Distortion . . . 0.003% Typ Includes Vcc + 
TLO80, TLO80A TLO81, TLO81A, TLO81B TLO82, TLO82A, TLO82B ? 
D, JG, OR P PACKAGE D, JG, OR P PACKAGE D, JG, OR P PACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) uh 
beaw 
N1/COMP[]1 ) sf] COMP OFFSET N1[11 \/ sf] NC rT) 
IN — 71) Vec+ IN - 71) Vcc + oa 
IN+(]3 6[J OUT IN+(]3 6 [| OUT rot 
¥CeU 5| }] OFFSET N2 Ver 134 5{ ] OFFSET N2 E 
TLO81M ... FK CHIP CARRIER PACKAGE TLO82M . . . FK CHIP CHARRIER PACKAGE piss 
(TOP VIEW) (TOP VIEW) 
o ‘e) 
2 = + — 
- @) oO o 
uJ 
ga2 99 5 
OokOoUU sepengenaee = 
2Oo 2a 2 201° 
721 DT o 


NCJ 4 18L] NC 


NCU 4 18L] NC #1IN-[J5 17L] #2 OUT 
IN—[J5 WUVec+ NC UJ 6 16L}NC 
NC U6 16L} NC #11IN+ [7 15(] #2 IN- 
IN+ LJ 7 15[] OUT Nc f)8 14L]NC 


NC {j8 14L] NC 9 
9 101112 ence 
wae ee oy Yn 0 coe o | S + 2 
Oo 1;O0N 0 hs 2 
ae Oo > a a > N 
O tt 
> Ww 
LL 
Le 
(@) 
TLO83, TLO83A TLO84, TLO84A, TLO84B 
D, J, OR N PACKAGE D, J, OR N PACKAGE 
(TOP VIEW) (TOP VIEW) 


#1 IN—([]1 14] #1 OFFSET N1 
#1 IN+ LJ2 131 | Vcc + 
#1 OFFSET N2(J3 121] #1 OUT 
Vcc — 11, J NC 
#2 OFFSET N2[]J5 10] | #2 OUT 
#2 IN+ LJ6 91} Vcc+ 
#2 IN-(]7 81) #2 OFFSET N1 


Pins 9 and 13 are internally interconnected 


NC—No internal connection 


pele be as of Read payee date. Products conform to 
specifications per the terms of Texas Instruments 
standard ds Production processing does not 


EXAS : 
necessarily include testing of all parameters. INST RUMENTS 2-403 
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TLO80 THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TLO83M . . . FK CHIP CARRIER PACKAGE TLO84M . . . FK CHIP CARRIER PACKAGE 


(TOP VIEW) (TOP VIEW) 

z aL yae-e 

o ZO og 

Tp = = CC) se 
+ | LL teMt 7 eR 
Zz Sit SSI 
-rord 3-8 4 
Dacian seh #1IN+ UJ 4 18Q] #4 IN+ 
2.52 2 NCU 5 17L]NC 


#1 OFFSET N2[) 4 18(] #1 OUT Vec+p& SE Vcc 
NC [5 17L] NC NCU? ISL] NC 
2 Vec-— D6 16[]}NC #2IN+[)8 14(] #3 IN 
NCP}? 15(] NC Trt 
‘@) #2 OFFSET N21]8 14L] #2 OUT ;rFOF | 
22 4:22 
Oo 9+ 16:97.12-18 = 0 Oo= 
Oo a aa NW mo 
= ee oi TE Se 
re) 2220 
es ad oe — O 
macae 1 NN WwW > 
© te ot 0 
Mey LL 
0) O 
Al N 
> 4 
=: TLO85 
Tt N PACKAGE 
= (TOP VIEW) 
@ 
= 
~” 
NC—No internal connection 
symbols 
TLO8O TLO81 TLO82 (each amplifier) 
TLO83 (each amplifier) TLO84 (each amplifier) 
N1/COMP TLO85 (each amplifier) 
COMP N1 
IN + IN + IN + 
Our OUT OUT 
IN - IN - IN — 
N2 N2 
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TLO80 THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


description 


The TLO8— JFET-input operational amplifier family is designed to offer a wider selection than any previously 
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well- 
matched, high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature 
high slew rates, low input bias and offset currents, and low offset voltage temperature coefficient. Offset 
adjustment and external compensation options are available within the TLO8— family. 


Device types with an ‘‘M”’ suffix are characterized for operation over the full military temperature range 
of —55°C to 125°C, those with an ‘‘l’’ suffix are characterized for operation from — 40°C to 85°C, and 
those with a ‘‘C’’ suffix are characterized for operation from O°C to 70°C. 


OUTLINE 
(D) 
TLO80CD 
TLO80ACD 
TLO81CD 
TLO81ACD 
TLO81BCD 
TLO82CD 
TLO82ACD 
TLO82BCD 
TLO83CD 
TLO83ACD 
TLO84CD 
TLO84ACD 
TLO84BCD 


TLO8OID 
TLO8 11D 
TLO82ID 
TLO83ID 
TLO84iID 


AVAILABLE OPTIONS 


TLO81MFK 
TLO82MFK 
TLO83MFK 
TLO84MFK 


TLO83CJ 
TLO83ACJ 
TLO84CJ 
TLO84ACJ 
TLO84BCJ 


TLO83IJ 
TLO84IJ 


TLO83MJ 
TLO84MJ 


TLO80CJG 
TLO80ACJG 
TLO81CJG 
TLO81ACJG 
TLO81BCJG 
TLO82CJG 
TLO82ACJG 
TLO82BCJG 


TLO8OIJG 
TLO811JG 
TLO82IJG 


TLO80MJG 
TLO81MJG 
TLO82MJG 


TLO83CN 
TLO83ACN 
TLO84CN 
TLO84ACN 
TLO84BCN 
TLO85CN 


TLO83IN 
TLO84IN 


The D package is available taped and reeled. Add ‘’R’’ suffix to device type (e.g., TLO8OCDR). 


CHIP CARRIER | CERAMIC DIP | CERAMIC DIP | PLASTIC DIP | PLASTIC DIP 


TLO80CP 
TLO80ACP 
TLO81CP 
TLO81ACP 
TLO81BCP 
TLO82CP 
TLO82ACP 
TLO82BCP 


TLO8OIP 
TLO81IP 
TLO82IP 
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TLO80 THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


Vcc+ 


NONINVERTING 


INPUT IN + 
INVERTING 
INPUT IN - OUTPUT 
2 OFFSET NULL/COMP (N1) ——— 
TLO8O 
© ony OFFSET NULL (N2) —— 
zs comp -—— 
= 
pe) 
=. 
‘e) 
a 
® 
Dee a 
xo) 
=e 
= Vec-- ] 
@ OFFSET OFFSET ¢1 = 18 pF on TLO81, TLO82, TLO83, TLO84, AND TLO95 ONLY 
ow NULL NULL (INCLUDING THEIR SUFFIX VERSIONS). 
(N1) (N2)_ COMPONENT VALUES SHOWN ARE NOMINAL. 


TLO81 AND TLO83 ONLY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLO8_C 
TLO8_AC 


Supply voltage, Vcc + (see Note 1) 
Supply voltage, Vcc — (see Note 1) 
Differential input voltage (see Note 2) 


See Dissipation Rating Table 


[=56 to 125] 40 t0 86 °C 


1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc -. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that 


the dissipation rating is not exceeded. 
2-406 TEXAS i 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLO80 THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta § POWERRATING POWERRATING POWER RATING 
D (8 Pin) 680 mW 5.8 mW/°C 
D (14 Pin) 680 mW 7.6 mW/°C 
FK 680 mW 11.0 mW/°C 
J (TLO8_M) 680 mW 11.0 mW/°C 
J (all others) 680 mW 8.2 mW/°C 
JG (TLO8_M) 680 mW 8.4 mW/°C 
JG (all others) 680 mW 6.6 mW/°C 
N 680 mW 9.2 mW/°C 
p 680 mW 8.0 mW/°C 


PARAMETER TEST CONDITIONSt 


Vo = 0, Ta = 25°C 
Vio Input offset voltage 
Rg = 500 Ta = —55°C to 125°C 


Temperature 


PACKAGE 


Vo = 9, 
Ta = —55°C to 125°C 


avio coefficient of input 


offset voltage 


Operational Amplifiers By 


Common-mode 


V 
Ice input voltage range 


Maximum peak 
c Ri = 10 kQ 
output voltage swing Ta = —55°C to 125°C 
RL = 2 kQ 
Vo = +10V, Ri = 2 kQ, 
Large-signal differential] Ta = 25°C 
voltage amplification Vo = +10V, Ry = 2 kQ, 
Ta = —55°C to 125°C 
Unity-gain bandwidth Ta = 25°C 
Ta a bbe 


By 
rj 
Common-mode Vic =V min, Vey =-0, 
CMRR IC ICR 0 
rejection ratio Rs = 502, = 


Supply voltage 
ksvR rejection ratio 
(AVcc +/AVi¢) 


© 
Oo 
bes) 
o 


Vcc = +15 Vto +9V, Vo 
Rs = 50Q, 


Supply current No load, 


" 
eS 
La 
foe] 


| 
re (per amplifier) Ta = 25°C 


Vo1/Vo2 Crosstalk attenuation Ayp = 100, 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 
t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown 
in Figure 18. Pulse techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible. 
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S97SZ SVX31 ‘SVTIVG « ZL0SS9 XO 39DId40 1LSOd 


800-2 


SLNAWNUYLSN] 


siaiyduiy jeuonessdg BW 


electrical characteristics, VCC + = +15 V (unless otherwise noted) 


PARAMETER 


Input offset voltage 
= 500 _|Ta-=fulrnge} 8 
= full range 


SoM i 


= 12 =12 
= 25°C 


= 25°C, Me £12 +13.5 +12 +13.5 
Ta = full range 


Vo = +10V, > 2kQ, 
Ta = 25°C 


TLO80C TLO8OAC TLO81BC 
TLO81C TLO81AC TLO82BC 
TLO82C TLO82AC TLO84BC 


TLOS8OI 
TLO811 
TLO82I 


TEST CONDITIONSt TLO83I TLO83C TLO83AC UNIT 
TLO84I TLO84C TLO84AC 
TLO85C 


TYP MIN TYP MAX MIN TYP 


z 
x 


~N 
< 


4 : Rs = 502, 
avio coefficient of input uV/°C 
= full range 


offset voltage 


lio Input offset current? 
lip Input bias current? 


Common-mode 


$ 


= 
b 
| 
S 
~ on 
| 
— 
NS 
“I 


+ 
f°) 
H 
— 
— 
os 
° 
H 
— 
_ 
os 
° 


VICR 


input voltage range 


+12 +13.5 
+12 
+10 12 


Maximum peak 


faa 


= 
ol 


output voltage swing 


15 


Large-signal differential 


-_ 
oa 


voltage amplification Vo = #10V, = 2kQ, 
Ta = full range 
CMRR SEaeee wie Vicr min. es 86 80 86 80 86 
rejection ratio Rs = 509, 25°C 


Supply voltage 
nerd ” Vec = +15 Vto +9V, Vo = 0, 


Rs = 502, Ta = 25°C 


& 
© 
o 
ies) 
[o>] 
© 
o 
Oo 
a 
Q. 
fe] 


ksyvrR rejection ratio 
(AVcoc +/AVio) 
Supply current No load, 


id Dig 
(per amplifier) Ta = 25°C 


Vo1/Vo2 Crosstalk attenuation |Ayp = 100, Ta = 25°C Ree. Poe 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for Ta is —40°C to 85°C for 
TLO8_|! and O°C to 70°C for TLO8__C, TLO8_AC, and TLO8_ BC. 

+ input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 18. Pulse techniques 
must be used that will maintain the junction temperatures as close to the ambient temperature as is possible. 
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TLO80 THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc + = +15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 


SR Slew rate at unity gain = 10V, RL = 2 ko, 
aa Ms = 100 pF, See Figure 1 


Via 20mV, AL = 2M, 


Overshoot factor Cy = 100 pF, See Figure 1 
; ; q f = 1 kHz 
Vn Equivalent input noise voltage Se 3H lie ai le 


In Equivalent input noise current Rg = 100 Q, f = 1 kHz A/ 


oma a i 
7) 
PARAMETER MEASUREMENT INFORMATION 7 
100 ka v= 
q 
10 ko ef 
5 a = 
vi | S 
~ 
= so 
R L= 
Cc = 18 pF = . ‘T, 100 pF TLO8O Se 
for TLO80 =— = 
and TLO80A 1 ©) 
FIGURE 1. UNITY-GAIN AMPLIFIER FIGURE 2. GAIN-OF-10 FIGURE 3. FEED-FORWARD 
INVERTING AMPLIFIER COMPENSATION 


INPUT OFFSET VOLTAGE NULL CIRCUITS 


Veoc+ 
TLO81 
1 MQ 
Mi 
1.5 kQ 
Vcc- 
FIGURE 4 FIGURE 5 
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TLO80 THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS vs 
FREQUENCY FREQUENCY 
nl +15 


aa? = 10 kQ 
ot = 25°C 
See Figure il 


BE SRA a = £15 V/ 


il Al il WN 
in mn Mi 
a Ht 


RL = 2 kQ 
Ta = 25°C 
See Figure 2 


see 
mu a 
il ee A Al 
i Hil il a 

Kes 


oe 


+7.5 


te 


Vom-— Maximum Peak Output Voltage—V 
| 
Vom— Maximum Peak Output Voltage—V 


siaipyduiy jeuoneisdg BW) 


+2.5 bat a Pe ie 
100 1k 10 k 100 k I 10M 100 1k 10k 100 k 1M “40M 
f —Frequency —Hz f—Frequency —Hz 
FIGURE 6 FIGURE 7 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 


sf Vec+ = +15V > 
2 . RL = = kQ L 
3 See Figure 2 & 
Ss 6 
ie > 
om | _ 
é 3 
= 475 : 
© = 
: \ 3 
Ss Ta = 125°C E 
E +5 \ S 
© x 
S \ : 
| +2.5 NY 1 2 
: TTS NUNIT 3 sera 
eo) : 
) See F 2 
ee SSH SLUT] | see Foue 
10 k 40k 100k 400k 1M 4M 10M -75 -50-25 0 25 50 75 100 125 
f — Frequency —Hz Ta—Free-Air Temperature— °C 
FIGURE 8 FIGURE 9 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
12-pF compensation capacitor is used with TLO80 and TLO80A. 
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TLO80 THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 


Vcec+ = +15V 
Ta = 25°C 
+12.56F see Figure 2 


aman 
711 
ACM | 


en al 
aT all 


0.2 O04 0.7 1 2 & 


Vom— Maximum Peak Output Voltage—V 
| 


Ru —Load Resistance —kQ 
FIGURE 10 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
FREE-AIR TEMPERATURE 

2 1000 ee 
E 700 fe 
“i 400 Zee Hee Sen 
ps Bi A Le A 
3 Sa Tne Car aa 
© 5 
Q. SaaS TaSeSIU CORES SP ee 
= 70 aw oS See ee SS 
< 46 St ee 
© ee eee 
Eon ais aa at 
s ae Sigs oe 
10 ee 
e wwii SRS 
© Ese 6 Cae 
: Rese ES 
Pe ae! 2a 
Se ee 
° et | 
a 

-—-75 -—50 -25 0 25 50 75 100 125 


Ta—Free-Air Temperature — °C 
FIGURE 12 


Ayp— Differential Voltage Amplification 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


2 


Vom— Maximum Peak Output Voltage—V 


1G. 112 


14 


i\Vcc + |—Supply Voltage—V 
FIGURE 11 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 
FREQUENCY 


Operational Amplifiers 


Vec+ = +5Vto +15V 
RL = 10 kQ 


104 DIFFERENTIAL | 0° 
VOLTAGE » ae 
AMPLIFICATION j w 
103 (left scale) a oR 
= 
a 
102 90° 
PHASE SHIFT : 
101 (right scale) 135 
1 180° 


100 


1 10 1k 10k 100k1M 10M 
f —Frequency — Hz 


FIGURE 13 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 


12-pF compensation capacitor is used with TLO80 and TLO8OA. 
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TLO80 THRU TLO85, TLO80A THRU TLO84A 


TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSTt 


TLO8O, TLO80A 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
FREQUENCY WITH FEED-FORWARD COMPENSATION 


Vcc+ = +15V 


C2 = 3 pF 
Ta = 25°C 
See Figure 3 


Avp— Differential Voltage Amplification 


100 1k 10 k 100 k 1M 10M 


f— Frequency — Hz 
FIGURE 14 


SUPPLY CURRENT PER AMPLIFIER 
vs 
FREE-AIR TEMPERATURE 


Fi ied ead dbs OP ea 


No signal 
No load 


ax 1.6 
a 
1.4 
: a ilagaay 
é qeRecs: 
> 1.0 
: REY és 
5s 0.8 
j a a 
4, 0.6 
: SERS 
ac |e aie BEA EE 
#1 Bas 


25 50 ~75 ‘100 125 


Ta—Free-Air Temperature — °C 
FIGURE 16 


TOTAL POWER DISSIPATED 


vs 
FREE-AIR TEMPERATURE 


Vcc+ = +15 V 
No signal 
No load 


Pp — Total Power Dissipated—mW 


Fi ai te S50 RE a 22 
BSS eesee 


-75 -50 -25 0O 25 50 75 100 125 
Ta—Free-Air Temperature — °C 
FIGURE 15 


SUPPLY CURRENT 


vs 
SUPPLY VOLTAGE 


vice a ee i as 


No signal 


+ —Supply Current—mA 
—b —_ 
Oo N 


0 2 4 6 S 0 0o12..<:T4@ 16 
i\Vcc+|—Supply Voltage—V 


FIGURE 17 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 


12-pF compensation capacitor is used with TLO80 and TLO80A. 
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TLO80 THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE VOLTAGE-FOLLOWER 


100 LARGE-SIGNAL PULSE RESPONSE 


Vec+ = +15V 


2 


liB—Input Bias Current—nA 
= 
Input and Output Voltages—V 


O° C80 Aa 2 ae ee 
Ta—Free-Air Temperature — °C t—Time—ys 
FIGURE 18 FIGURE 19 


Operational Amplifiers 


OUTPUT VOLTAGE 
vs 
ELAPSED TIME 


28 
24 

= 20 

| 

> 16 

£ Vec+ = £15V 

> 12 RL = 2k 

3 CL = 100 pF 

2 8 Ta = 25°C 

STs TT 

Oo 4 

fiom cn SR SRR ae 
a 


0 02 04 06 08 1.0 1.2 
t—Time—ys 


FIGURE 20 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
12-pF compensation capacitor is used with TLO80 and TLO80A. 
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TLO8O THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


COMMON-MODE REJECTION RATIO EQUIVALENT INPUT NOISE VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 


Vcec+ = +15V 
Ru = 10 kQ 


Vec+ = +15V 


30 


20 


10 


CMRR—Common-Mode Rejection Ratio— dB 


Vn—Equivalent Input Noise Voltage —nV/./Hz 


0 
-75 -50 -25 0 25 50 75 100 125 10 40100 4001k 4k10k 40k100 k 
Ta—Free-Air Temperature — °C f — Frequency —Hz 
FIGURE 21 FIGURE 22 


sisipijduiy jeuoieisdg BW) 


TOTAL HARMONIC DISTORTION 
vs 
FREQUENCY 


x 

2 

2 

~ 

S Cost 

2 = 

] ‘ere 

a) ea 

E aes 

E fs 

© 

: 

w i ese ee J 

C ines isoene or an ew 

a i aa ey 5 See Oe Bey a 

iene See Fg 

si ieee a 

z Re aaa Hi 
100 400 ik 4k 10k 40 k 100 k 


f — Frequency — Hz 
FIGURE 23 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
12-pF compensation capacitor is used with TLO80 and TLO80A. 
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TLO80 THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 
Re = 100 kQ 


OUTPUT INPUT OUTPUT 


R1 = R2 = 2R3 = 1.5 MOQ 


C3 
C1 = C2 = > = 110 pF 
9.1 kQ 


yh ptowee ) Retr ey er 
1. 0" 2x R1C1 . 


FIGURE 24. 0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 25. HIGH-Q NOTCH FILTER 


1 MO ee - a 
TLos4t OUTPUT A 
ay 
1 pF a 
TLos4? 
inpuT—| ¥ - 
OUTPUT B 


Operational Amplifiers ee 


co TLOS4t 
100 kQ 100 ko - 
Vcc+ = 
100 ka 
100 pF 100 ko 
af 2 TLOS4t OUTPUT C 
3 = + 
t or TLO85 = 


FIGURE 26. AUDIO DISTRIBUTION AMPLIFIER 


6 sin wt 1N4148 18 kQ (See Note A) 
-15V 


6 cos wt 


1N4148 18 kQ (See Note A) 


NOTE A: These resistor values may be adjusted for a symmetrical output. 


FIGURE 27. 100-kHZ QUADRATURE OSCILLATOR 
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TLO80 THRU TLO85, TLO80A THRU TLO84A 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 
16 kQ 16 kQ 
220 pF 


43 kQ 


30 ko 43 k 30 kO 
INPUT = 


220 pF 
Vcc+ 
1/4 43 kQ 4/4 43 kQ 
sos 1/4 a oe 1/4 
TLO84t TLO84t 
+ Zz: 5. ad 
Vcc- 


Tt or TLO85 OUTPUT = 


1.5 kQ 


OUTPUT A OUTPUT B 


suaiyduiy jeuoneisdg BN) 


2 kHz/div 2 kHz/div 
SECOND-ORDER BANDPASS FILTER CASCADED BANDPASS FILTER 
fo = 100 kHz, Q = 30, GAIN = 4 fo = 100 kHz, Q = 69, GAIN = 16 

FIGURE 28. POSITIVE-FEEDBACK BANDPASS FILTER 

220 kQ 


0.00375 pF 


MIN MIN 
Lean sy ace 100 ko 
BASS TREBLE 
10k2 3.3 ko 
100 © MAX MAX 
TLO8o 
0.03 pF ¥ Rext OUTPUT 
INPUT 
10 ko 0.003 pF Jeo: 
+ 
100 2 47 kQ 5 kQ +7 68 kQ 
BALANCE| } GAIN] 47 yF 10 pF 


FIGURE 29. IC PREAMPLIFIER 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


D2484, MARCH 1979—REVISED MARCH 1989 


Low Input Offset Voltage ... 0.5 mV Max @ Internal Frequency Compensation 
Low Power Consumption @ Latch-Up-Free Operation 

Wide Common-Mode and Differential @ High Slew Rate... 18 V/us Typ 
Voltage hapaer @ Low Total Harmonic Distortion... 
Low Input Bias and Offset Currents 0.003% Typ 


High Input Impedance . . . JFET-Input Stage 


description 


These JFET-input operational amplifiers incorporate well-matched high-voltage JFET and bipolar transistors 
in a monolithic integrated circuit. They feature low input offset voltage, high slew rate, low input bias 
and offset currents, and low temperature coefficient of input offset voltage. Offset-voltage adjustment 
is provided for the TLO87 and TLO88. 


2 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. The I-suffix devices are characterized for operation from —40°C to 85°C, and the C-suffix 
devices are characterized for operation from O°C to 70°C. 


AVAILABLE OPTIONS 


SMALL OUTLINE PLASTIC DIP FLAT 
(D) (JG) (L (P) 
TLO87CD TLO87CJG TLO87CL TLO87CP 
TL287CD TL287CJG TL287CL TL287CP 
wee er SS Cee 


—_ 


Operational Amplifiers 


TLO87ID TLO87IJG TLO87IL TLO87IP 

TL287ID TL2871JG TL287IL TL287IP 
es a 
es 


The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLO87CDR). 


TLO88MU 


* current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


EXAS 
necessarily include testing of all parameters. INST RUM ENTS 
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PRODUCTION DATA documents contain information , Copyright © 1989, Texas Instruments Incorporated 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TLO87, TLO88 
D, JG, OR P PACKAGE 


(TOP VIEW) 
OFFSET N1[11 sf] NC 
IN — 71) Voc+ 


IN+ | ]3 6{.}] OUT 
Yoo. 5| | OFFSET N2 


TL287, TL288 


2 D, JG, OR P PACKAGE 
(TOP VIEW) 
S AMPL 
#2 
Lee | 
0b) 
ae 
roy NC—No internal connection 
4 a . 
© symbol (each amplifier) 
> NONINVERTING 
3 INPUT IN + 
aS) OUTPUT 
= INVERTING 
ma INPUT IN — 
@ 
=] 
~” 


TLO88M 
U PACKAGE 


(TOP VIEW) 


TL288M 
U PACKAGE 


(TOP VIEW) 


TLO87, TLO88 
L PACKAGE 


(TOP VIEW) 
NC 


OFFSET N1 OO@ Vcc + 


IN-{@) © } OUT 
IN + O@® OFFSET N2 


Vec— 


TL287, TL288 
L PACKAGE 


(TOP VIEW) 
VCC + 
OUT OOD OU 
AMPL ) 1. _ a ©) in- pie 
IN+ O@®O IN + 
Voc. 


Pin 4 (L Package) is in electrical contact with the case 
NC—No internal connection 
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7 TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLO88M 
TL288M 


TLO87I 
TLOS88I 
TL2871 


TLO87C 
TLO88C 
TL287C 


TL288I1 TL288C 
[Supply voltage, Voc+ weeNote)SSOSCSC~“~S*~“‘“‘;*S*S*~‘“‘~‘~;~*dTSSCSSC*dSCtitt Ct 
[Supply voltage, Vcc- (see Note) ——SCSC—~—~—SSCSC‘C~C~SS tte nt 


| Output current, Ig (each output) BOBO 80 | mA 
Tate Neg s serial everett ef gor i 160 | 
Br "2S a ae ee in SS A SAE ee 

Fig heh oh ote shart heal en Nea TT TT eT mena | cae ceed 
See Dissipation Rating Table 

Operating free-air temperature range |-55to 125| -25to85 | Oto70 | °C | 
| Storage temperature range = 85 to 150 | ~ 65 to 150] -65 to 150] °C _| 


Lead temperature 1,6 mm (1/16 inch) from 
p Bel telanal JG, L, or U package 300 °C 
case for 60 seconds ' 
Lead temperature 1,6 1/16 inch) from 
ial micas nt , D or P package 2¢ 
case for 10 seconds 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc -_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that 
the dissipation rating is not exceeded. 
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Operational Amplifiers 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 
725 mW 5.8 mW/°C 
1050 mW 8.4 mW/°C 
650 mW 5.2 mW/°C 
1000 mW 8.0 mW/°C 
675 mW 5.4 mW/°C 


PACKAGE 


Supply voltage, Vcc 


Common-mode input voltage, Vic 
Input voltage, V 


Operating free-air temperature, Ta 
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O2V-2 


I 


SLNAWNALSN 
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electrical characteristics, VCC + = +15 V 


TLO87I TLO87C 
TLO88M TLOS88I TLO88C 
TL288M TL2871 TL287C 
TL2881 TL288C 

IN TYP MAX 


TLO87, TL287 
=) TLO88, TL288 
Vio Input offset voltage 
50 2, TLO87, TL287 
= 0, 
full range TLO88, TL288 
T t oefficient 
en ae es ure coefficient |, 50 0, Ta = 25°C to MAX 
10 of input offset voltage 


A = 
S = 
Ta = 25°C 

lio Input offset current A 

A = full range 

A = 
IB 7 

A = 

A = 


Tt 


: T 
T 26°C 
I Input bias current? 
si full range 


Common-mode input 
VICR . 25°C 


1 
voltage range 
7 


A = 25°C, RL = 10 kQ 


output voltage swin Ta = full range sa Maia 
5 ‘ . a 9° TRL = 2 ko 


Large-signal differential 


Maximum-peak-to-peak 
VopPP 


A 
VD voltage amplification 


© 
2) 
© 
Ww 


Vo = OV, 


Supply voltage rejection 
idk: el thee he +9Vto +15V, 


ratio (AVcc + /AVi¢) 


co 
oO 
© 
© 


Supply current No load, 


(per amplifier) Ta = 25°C 


TAIl characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for Ta is —55°C 
to 125°C for TL_.88M; —40°C to 85°C for TL_8_I; and O°C to 70°C for TL_8_C. 

+input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques must be used 
that will maintain the junction temperature as close to the ambient temperature as possible. 


88Z11 “L8Z1L ‘88011 ‘L801L 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics Vcc = +15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


TLO871, TLO87C 
TLO88M, TL288M 
i - TLOS8i, TLO88C UNIT 


MIN TYP MAX | MIN TYP MAX 


: : Vv; = 10 V, Ri = 2 kQ, 
SR Slew rate at unity gain 8 18 V/us 
Cy = 100 pF, Ayp = 1 


eS ee ee Pa Saat A eg 
a se iaeek done Pos 
Vn Equivalent input noise voltage| Rg = 1000, f=1kHz | £19 °&2&4| 19 [nViVHz 


Exas W 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


OVERSHOOT | fe 


90% 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


? 10% 
l 
NOTE A: C includes fixture capacitance. <i tp- RISE TIME 
oO FIGURE 1. SLEW RATE, RISE/FALL TIME, FIGURE 2. RISE TIME AND OVERSHOOT 
Ze) AND OVERSHOOT TEST CIRCUIT WAVEFORM 
2 
a 10kQ 
rd 
z 
k 

ay 10 kQ Vi Vo 
3 

Vo Cc 

ie L RL 

= (see 
me Vec- Note A) 
© Rs> Rs = = 
= 
” 


= = NOTE A: Cy includes fixture capacitance. 


FIGURE 3. NOISE VOLTAGE TEST CIRCUIT FIGURE 4. UNITY-GAIN BANDWIDTH AND 


PHASE MARGIN TEST CIRCUIT 
typical values 


Typical values as presented in this data sheet 
represent the median (50% point) of device 
parametric performance. 


input bias and offset current 


At the picoamp bias current level typical of 
these JFET operational amplifiers, accurate 
measurement of the bias current becomes FIGURE 5. INPUT BIAS AND OFFSET 
difficult. Not only does this measurement require CURRENT TEST CIRCUIT 

a picoammeter, but test socket leakages can 

easily exceed the actual device bias currents. To 

accurately measure these small currents, Texas Instruments uses a two-step process. The socket leakage 
is measured using picoammeters with bias voltages applied, but with no device in the socket. The device 
is then inserted in the socket and a second test that measures both the socket leakage and the device 
input bias current is performed. The two measurements are then subtracted algebraically to determine 
the bias current of the device. 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


table of graphs 


aViI9 Temperature coefficient of input offset voltage 


jo put offest current 
IB 


vs Vic 
Input bias current 
vs Temperature 
13 


, 
; vs VCC 
V Common-mode input voltage range limits 
vs Temperature 


| 
Vip Differential input voltage vs Output voltage 


vs Vcc 
vs Output current 


17 
14, 15, 16 


V Maximum peak output voltage swin 
OM Y . a 3 vs Frequency 


vs Temperature 
vs RL 


Differential voltage amplification vs Frequency 
vs Temperature 


Output impedance 


Zo i 
vs Frequenc 
CMRR Common-mode rejection ratio sf 
vs Temperature 
ksyR_ Supply-voltage rejection ratio 


vs VCC 
Short-circuit output current vs Time 


vs Temperature 


18 
26 
27 
28 
vs Vcc 
Supply current 
Hog Subeheaiert. coc a Gee HORE ONS TM 
R 
vs Temperature 
aR linea is OO Bee PSE yas i ORS « ea 
36 
37 
38 
39 
40 
41 
42 


AvD 


los 


Operational Amplifiers By 


| 
S 
Vn Equivalent input noise voltage 
THD ‘Total harmonic distortion 


; , vs VCC 
By Unity-gain bandwidth 
vs Temperature 


vs VCC 
vs CL 
vs Temperature 


Phase shift 


Small-signal 
Pulse response . 
2 Large-signal 


dm Phase margin 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


DISTRIBUTION OF TLO88 DISTRIBUTION OF TL288 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT 
20 20 
172 Amplifiers tested from 2 wafer lots 
Voco+ = +15V Voc += +15V 
Ta = 25°C to 125°C Ta = 25°C to 125°C 
. P Package - 151 P Package 
‘i | ” One unit at — 34.6 pV/°C 
VA 2 = : 
5 é 
S < 
Ds ae 
5 8 ) 
o § : 
S ¢ 8 
ie e 5 
2) 
= 
I 
3 §. 10. "oo" 2 -30 -20 -10 0 10 20 30 
6 ayio — Temperature Coefficient — 1.V/°C ayiO — Temperature Coefficient — .V/°C 
= FIGURE 6 FIGURE 7 
@ 
ao . INPUT BIAS CURRENT AND : 
INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS vs 
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE 


Ta = 28°C 


lip and lio — Bias and Offset Currents — nA 
lip — Input Bias Current — nA 


25 45 65 85 105 125 -— 15 - 10 -5 0 5 10 15 
Ta — Free-Air Temperature — °C Vic — Common-Mode Input Voltage — V 
FIGURE 8 FIGURE 9 


tData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


COMMON-MODE COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS INPUT VOLTAGE RANGE LIMITS 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vic — Common-Mode Input Voltage — V 
Vic — Common-Mode Input Voltage — V 
i=) 


zeetiet NEGATIVE LIMIT 
50 


— 20 


Operational Amplifiers be 


0 2 6 8 10 12 14 16 -75 -50 -25 0 25 75 100 125 
Voc +|- Supply Voltage - V Ta — Free-Air Temperature - °C 
FIGURE 10 FIGURE 11 
OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
DIFFERENTIAL INPUT VOLTAGE SUPPLY VOLTAGE 


7a a 
WS Se a ONE Vec+ = +15V 
5 5 atom Ta = 25°C 


Hum ae 
Bee 


Vo — Output Voltage — V 


Vom — Maximum Peak Output Voitage — V 


— 400 — 200 0 200 400 0 2 4 6 8 10 12 14 16 
Vip — Differential Input Voltage — LV Vcc +|- Supply Voltage - V 
FIGURE 12 FIGURE 13 


TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSTt 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS vs 
FREQUENCY FREQUENCY 


Vec+ = +15V HHI 


PrN TTT 
CU UTIN HT 


Veco + = +15V 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


tal ~ 
Ee. —_- = —— 


siaiiyduy jeuonessdg oe 


10k 100 k 1M 10M 10 k 100 k 1M 10M 
f — Frequency — Hz f — Frequency — Hz 
FIGURE 14 FIGURE 15 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs VS 
FREQUENCY OUTPUT CURRENT 


|Vom|—- Maximum Peak Output Voltage — V 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


10k 100 k 1M 10M 
f — Frequency — Hz \lo| — Output Current — mA 
FIGURE 16 FIGURE 17 


T Data at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSTt 


MAXIMUM PEAK OUTPUT VOLTAGE LARGE-SIGNAL VOLTAGE AMPLIFICATION 
vs vs 
FREE-AIR TEMPERATURE LOAD RESISTANCE 
16 250 
ee SHE 
ts ee SEAS: ERY EE 


200 


Ry = 2kQ 
VOM + 


Vom — Maximum Peak Output Voltage — V 
Ayp — Differential Voltage Amplification — V/mV 


Operational Amplifiers ul 


-12 He us AOS WEISS AMEE RR Bieeae es 
Ri = 10kQ 
ie eG Oe SL Sea 
-75 -50 -25 7. Oke OO 125 0.4 
Ta- day Temperature — °C Ri - pe i By 
FIGURE 18 FIGURE 19 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT LARGE-SIGNAL VOLTAGE AMPLIFICATION 
vs Vs 
FREQUENCY FREE-AIR TEMPERATURE 


Voc += +15V 
Ry = 2kQ 

= 25 pF 

= 25°C 


Ayp — Differential Voltage Amplification 
Phase Shift 
Ayp — Differential Voltage Amplification — V/mV 
2 
oO 


: 10 
10 100 1k 10k 100k 1M 10M -75 -50 -25 0 a 6 650. 7S COC 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
FIGURE 20 FIGURE 21 


TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 


ff 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


2-427 


TLO87, TLO88, TL287, TL286 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


CMRR — Common-Mode Rejection Ratio — dB 


10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz 


FIGURE 22 


sidipyduy jeuoiei9dg oe 


OUTPUT IMPEDANCE 
VS 
FREQUENCY 


Gq 
1 
® 
Oo 
c 
i 
E 
S 
a 
3 
fo) 
1 
° 
N 
Ta = 25°C 
lg (Open loop) = 250 2 
“1k 10k 100 k 1M 
f — Frequency — Hz 
FIGURE 24 


CMRR — Common-Mode Rejection Ratio — dB 


KsypR — Supply-Voltage Rejection Ratio — dB 


COMMON-MODE REJECTION RATIO 
VS 
FREE-AIR TEMPERATURE 


100 


95 


Ta — Free-Air Temperature — °C 
FIGURE 23 
SUPPLY-VOLTAGE REJECTION RATIO 


VS 
FREE-AIR TEMPERATURE 


110 


106 


102 


90 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 25 


TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS 
SUPPLY VOLTAGE 


los — Short-Circuit Output Current -mA 


los — Short-Circuit Output Current —- mA 


0 2 4 6 8 10 12 14 16 
\Vec +|- Supply Voltage - V Time - Seconds 


FIGURE 26 FIGURE 27 
SHORT-CIRCUIT OUTPUT CURRENT 


VS 
FREE-AIR TEMPERATURE 


los — Short-Circuit Output Current —- mA 


-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 28 


tData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TLO87, TLO88, TL287, TL288° 
JFET-INPUT OPERATIONAL AMPLIFIERS 


ICC — Supply Current — mA 


SR — Slew Rate — V/s 


2-430 


TYPICAL CHARACTERISTICST 


SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 


Wass ei. 
ed Tee ea 


2.5 


Ta = 125°C 


Vo = 0 
No Load 


0 2 4 6 8 10 12 14 16 
Voc +|- Supply Voltage - V 


FIGURE 29 
SLEW RATE 


vs 
LOAD RESISTANCE 


Wz smn 


0.4 1 4 10 40 100 


R,_ — Load Resistance — kQ 
FIGURE 31 


inc. Supply Current -mA 


SR — Slew Rate — V/s 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 


No Load 


0 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 30 
SLEW RATE 


VS 
FREE-AIR TEMPERATURE 


Voc + = +15V 
Rp = 2kQ 

Cy = 100 pF 
See Figure 1 


0 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 32 


Data at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


OVERSHOOT FACTOR EQUIVALENT INPUT NOISE VOLTAGE 
VS VS 
LOAD CAPACITANCE FREQUENCY 
iz Voc + = +15 
= Rg = 1002 
r Ta = 25°C 
ps T See Figure 3 
8 KH 
; 
8 Veco + = +15V = Nd 
$ ora i 2 
Vipp = +10 mV $ oe 
notes ee Rp = 2kQ = 3 
4 “ q 
Ta = 25°C | 
See Figure 1 > “eS 
0 50 100 150 200 250 300 10 100 1k 10 k 100 k 3 
C,_ — Load Capacitance — pF f — Frequency - Hz = 
FIGURE 33. FIGURE 34 D 
2. 
TOTAL HARMONIC DISTORTION UNITY-GAIN BANDWIDTH ‘@) 
VS Vs 
FREQUENCY SUPPLY VOLTAGE 
4 N 
e = 
= 1 
5 = rt - 
£ 3 
Co 
2 & 
: c 
z g 
s = Vj = 10 mV 
. 7 2kQ 
3 Ps 25 pF 
“ Ta = 25°C 
See Figure 4 
100 1k 10k 100 k 0 2 4 6 8 10 12 14 16 
f — Frequency — Hz Voc +|—- Supply Voltage - V 
FIGURE 35 FIGURE 36 


TData at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


UNITY-GAIN BANDWIDTH PHASE MARGIN 
VS VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
= 
: é 
: g 
2 &: ! 
: : 
£ 
s 3 
oO -£ a 
=f s ; 
— aan Vj = 10 mV E 
roy oo Re = 2kQ 
pm Cy. = 25 pF 
ie See Figure 4 See Figure 4 
0 
> -75 -50 -25 0 25, 50... 75 100 125 0 2 4 6 8 442 14 16 
3 Ta — Free-Air Temperature — °C Voc +| — Supply Voltage — V 
= FIGURE 37 . FIGURE 38 
PHASE MARGIN PHASE MARGIN 
“” vs vs 
LOAD CAPACITANCE FREE-AIR TEMPERATURE 
Vi = 10 mV 
a RL = 2kQ 
ia Ta = 25°C 
g g 
5 5 
© iv] 
= = 
rete Baws Se | 
) 1 
E E Vi = 10 mV 
Be PCPETI PR 7 Ri = 2kQ 
Cy = 25 pF 
See Figure 4 
o 
10 20 30 40 50 60 70 80 90 100 -75 -50 -25 0 2 ae fe Ae 425 
C,_ — Load Capacitance — pF Ta — Free-Air Temperature — °C 
FIGURE 39 FIGURE 40 


Data at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 
> 
: 7 
! 
g : 2 
= Voc + = +15V z Voc + = +15V 
ye Ru = 2kQ = Re = 2kQ wn 
a Cy. = 100 pF 2 C_ = 100 pF he 
H Ta = 25°C 6 Ta = 25°C 2 
o See Figure 1 s See Figure 1 = 
> > = 
= § 
r) 
¢ 
0 02 04 06 O08 10 1.2 ro) 
t- Time -s t- Time -s ¥ 
FIGURE 41 FIGURE 42 © 
2. 
@) 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


output characteristics 


All operating characteristics are specified with 100-pF load capacitance. These amplifiers will drive higher 
capacitive loads; however, as the load capacitance increases, the resulting response pole occurs at lower 
frequencies, thereby causing ringing, peaking, or even oscillation. The value of the load capacitance at 
which oscillation occurs varies with production lots. If an application appears to be sensitive to oscillation 
due to load capacitance, adding a small resistance in series with the load should alleviate the problem. 
Capacitive loads of 1000 pF and larger may be driven if enough resistance is added in series with the output 
(see Figure 43). 


(a) CL = 100pF,R = 0 (b) CL = 300 pF,R = 0 (c)C_ = 350pF,R = 0 


ht WILL. 


(d) Cy, = 1000 pF,R = 0 (e) Cy, 1000 pF,R = 502 (f) Cy = 1000 pF,R = 2kQ 
FIGURE 43. EFFECT OF CAPACITIVE LOADS 


sisiyijduiy jeuoneisdg By 


Vo 


-15V 
CL 
(see Note A) 


2kQ 


NOTE A: C;_ includes fixture capacitance. 
FIGURE 44. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


input characteristics 


These amplifiers are specified with a minimum and a maximum input voltage that, if exceeded at either 
input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias current requirements, these amplifiers 
are well suited for low-level signal processing; however, leakage currents on printed circuit boards and 
sockets can easily exceed bias current requirements and cause degradation in system performance. It is 
good practice to include guard rings around inputs (see Figure 45). These guards should be driven from 
a low-impedance source at the same voltage level as the common-mode input. 


Vi 
Vo 
Vi 
Vo 
Vo 


(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER 
FIGURE 45. USE OF GUARD RINGS 


2 


noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of these amplifiers result in a very low current noise. 
This feature makes the devices especially favorable over bipolar devices when using values of circuit 
impedance greater than 50 kQ. 
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TL136C 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


D2604, NOVEMBER 1981 —MAY 1988 


Continuous-Short Circuit Protection N PACKAGE 
(TOP VIEW) 


@ Wide Common-Mode and Differential 
Voltage Ranges 


e@ No Frequency Compensation Required 

@ Low Power Consumption 

@ No Latch-Up 

@ Unity-Gain Bandwidth 3 MHz Typical 

e Gain and Phase Match Between Amplifiers 


2 


symbol (each amplifier) 
description 


NONINVERTING 
The TL1I36C is a quad high-performance INPUT IN + 
Be , ¥ OUTPUT 
operational amplifier with each amplifier 
electrically similar to the uA741 except that offset INVERTING 


null capability is not provided. INPUT IN — 


The high common-mode input voltage range and 
the absence of latch-up make these amplifiers 
ideal for voltage-follower applications. The 
devices are short-circuit protected and the 
internal frequency compensation ensures 
stability without external components. 


The TL136C is characterized for operation from 
0°C to 70°C. 


Operational Amplifiers 


schematic (each amplifier) 


Vcc+ 


NONINVERTING 
INPUT 
INVERTING 
INPUT 


OUTPUT 


Vcc— 


PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 


specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 2-437 


necessarily include testing of all parameters. INSTRUMENTS 
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TL136C | 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


RI SAT NE a Geen Teo A TS Ske a AMER SA RAL  G PRB RTS ER RARE IESE ASR GSO ECT 8 RR TS I FE I BN a NSIT, 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage VCC+. (see Note-1) 2 os ces sao os bee abate ARON eae: ais 18V 
SUDDIY VOnGUO NM (fea ONO nn a be cin dws Pes Oe MEW OS EEO ad epaig S.A ie —18V 
Laseratival tua VONMOG WOO MENG), sos vce esis ode 43 a,c ewe bRe A pees bu +30 V 
INDUT VORBOGHENVHiDUL ame eunee a ONO S) 6. Seba ve en bee ee eS ee RE ae mi Po 
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) ............ unlimited 
CORIMUGUSIOtAl GISSIDAUOR 2 i= a. nakea ss’. be ee ee es Oy eae See Dissipation Rating Table 
Operating WoGiaripinperamure4ONGe i... ee ek be a epee eee a 4 ow ee aes 0°C to 70°C 
Storage Carmperaure- range 0 Fei. ee ek ee +e SD ee ee ee wae —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .......... 2. cee eneceees 260°C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Voc+ and Voc-_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING Ta = 70°C 


PACKAGE POWER RATING FACTOR POWER RATING 


N 800 mW 9.2 mW/°C 736 mW 


O 
:-) 
® 
= 
q) 
ct. 
2) 
3 
2 
> 
I 
= 
=: 
® 
= 
” 
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TL136C 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


electrical characteristics at specified free-air temperature, VCC + = 15 V, ts = -15V 
PARAMETER TEST CONDITIONST 
25°C saa 
V Input offset volt Vo = 0, Re = 509 eae 2 ASA 
gE be eens : : ow 7 
PC sian ax IIHS [800 
ie cus Dig eaeae me ae cae a a 


FITTS [0 
VicR __Common-mode input voltage range he 
, RL = 10 kN 25°C 
Vopp Maximum peak-to-peak output RL = 2ko 25°C —— 

voltage swing 


AL = 2k 0°C to 70°C aes 
Large-signal differential voltage R= 2k ae eer aed. cide RE NP Bs 
amplification cane SB eis 0°C to 70°C be 
= Unity-gain bandwidth ee 
Input resistance 


C Vo = Wea in, 
ommon-mode C ICR min 25°C 70 90 
rejection ratio Rs = 50 
kK Supply voltage sensitivity Voc+ = +9Vto+ 15V, 25°C 
SVS (AVio/AVc) Rg = 509 


Operational Amplifiers By 


Equivalent input Avp = 100, Rs = 100, 25°C nv/./Hz 
noise voltage (closed-loop) f= 1 kHz, BW = 1 Hz 
RIE 
loc «Supply current No load, Vo =0V 6 13.7 | mA 
(All four amplifiers) 45. 1123 
150__ #0 
Laser sala No load Yo =0V mW 
(All four amplifiers) Sear TT 
: 25°C 
Vo1Voo Crosstalk attenuation on loop Rs = 1 kO, = 10 kHz =a = aa 
VD ae | 


tT All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 


operating characteristics, VCC + = 15 V,VCC-— = -15V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Vj = 20 mV 

; Ry = 2k, 
Cy = 100 pF L 
Vi = 10 V, 
CL = 100 pF 


tr Rise time 


SR Slew rate at unity gain 


RE = 2k, 
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TL3211, TL321C 
OPERATIONAL AMPLIFIERS 


D2343, APRIL 1977—REVISED OCTOBER 1988 


® Wide Range of Supply Voltages Single TL3211, TL321C . .. D, JG OR P PACKAGE 
Supply .. 3 V to 30 V or Dual Supplies (TOP VIEW) 


@ Low Supply Current Drain Independent of 
Supply Voltage... 0.8 mA Typ 


@® Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 


near Ground NC —No internal connection 


@ Low Input Bias and Offset Parameters Input 


Input Offset Voltage ... 2.mV Typ symbol 
Input Offset Current...3 nA Typ (TL3211) 
Input Bias Current...45 nA Typ IN + 


e Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage... +32 V IN - 


@ Open-Loop Differential Voltage 
Amplification ... 100 V/mV Typ AVAILABLE OPTIONS 


e Internal Frequency Compensation 
Vio MAX | SMALL- | CERAMIC | PLASTIC 
at 25°C |OUTLINE| DIP DIP 
aera : 
ane TL321CJUG | TL321CP 
ae 
Bars 
from split supplies is also possible as long as the TL321ID | TL321IUG | TL321IP 
difference between the two supplies is 3 V ac 


to 30 V and pin 7 is at least 1.5 V more positive The D packages are available taped and reeled. Add the 
than the input common-mode voltage. The low suffix R to the device type. (e.g., TL321CDR) 

supply current drain is independent of the 

magnitude of the supply voltage. 


description 


The TL3821 is a_ high-gain, frequency- 
compensated operational amplifier that was 
designed specifically to operate from a single 
supply over a wide range of voltages. Operation 


Operational Amplifiers & 


Applications include transducer amplifiers, d-c 
amplification blocks, and all the conventional 
operational amplifier circuits that now can be 
more easily implemented in single-supply- 
voltage systems. For example, the TL321 can be 
operated directly off of the standard 5-V supply 
that is used in digital systems and will easily 
provide the required interface electronics without 
requiring additional +15-V supplies. 


The TL3211 is characterized for operation from 
—25°C to 85°C. The TL321C is characterized for 
operation from 0°C to 70°C, 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to j 
specifications per a terms of Texas Instruments 
standard warranty. Production processing does not 


necessarily inclu » testing of all parameters. INST RUMENTS 
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Copyright © 1983, Texas Instruments Incorporated 
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TL3211, TL321C 
OPERATIONAL AMPLIFIERS 


schematic 


<6 UA 
CURRENT 
REGULATOR 


Vcc 

~6 UA =100 uA 

CURRENT CURRENT 

REGULATOR REGULATOR 
INVERTING OUTPUT 
INPUT IN —- 

NONINVERTING =50 uA 


INPUT IN + CURRENT 
REGULATOR 


¥ GND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


siaiijduiy jeuonjesisdg BW 


SOOIO-MONGGIE. VEE AGOO OFT) «ct. syne sls cca aoe Jb viel @hongt aah oa: bo eeaes RRR Oa eu emEEEMT ES meeieun sl il? 32 V 
Srfferortial ier Vorname (Se6-NOIG- Oye a <6 6 5 iv a ag diag epek ee = tenia OPE mie Re iN +32 V 
CP PESert Corts OE PERO ns ane a's cs 9 ox capiabdlig OTT AST eine re 42 -0.3 V to 32 V 
Duration of output short-circuit to ground at (or below) 25°C free-air temperature 
A ele te a ioR AR oi) Ea a Ee rene ok oo arenoar ie dian Serer k AS abe EE Ree unlimited 
SPEAEIUT VRICI es Reon nt REE a “ori-ra ik. 6 cao a -v nda sw his eos aah Bae hen See Dissipation Rating Table 
Operating free-air temperature range: TL8211 . 1... ee ee ee —25°C to 85°C 
ThBE2ZIG os PIS EV CAR ORES A ee ee 0°C to 70°C 
Storage temperature ANS .. cc cee ee va Re ee es Py sears —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor P package ............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .............. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to Voc can cause excessive heating and eventual destruction. 


DISSIPATION RATING TABLE 


Tas 25°C DERATING DERATE Ta = 70°C Ta = 85°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING 
5.8 mW/°C 


PACKAGE 


6.6 mW/°C 
8.0 mW/°C 
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TL3211, TL321C 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


TL3211 TL321C 
PARAMETER TEST CONDITIONST UNIT 
MIN TYP MAX| MIN TYP MAX 
Vic = VICR min, 
25° 
Voc = 5 Vto 30 V, - : : 
Vo = 1.4V, 


Rs = 50 kQ 


1 5S Sree ae |S 
lio Input offset current Vo = 1.4V 
Full range 100 150 
IB 


25°C —-45 -150 -45 -250 
Fullrange | _—~—SCSC 80 
0 to 0 to 
Vv 1.5 
Voc = 5 V to 30V re Tr 
Full range 
Vcc-2 Voc-2 


VIO Input offset voltage 


| 


— 


2 


Common-mode input 
voltage range 


VICR 


<1 oD os. 
i ace ae. 
vO};1 oO 
= ot NS 
oO wWlx wo 
a) ee PA a | 
Dts bi 
HA 
c c 
= = 
pe) pe?) 
os | a 
© © 
@ @o 
ye) 

N 

rh 

[ 
tr 

rf 
N 

fos] 


‘a 
on 


: 
Operational Amplifiers 


Large-signal differential YOR = 15 ¥: 50 100 
AVD voltage amplification SS Se ETT V/mV 


C on-mode Vic =V in, 
cae Ic = ICR mn 25°C 70 85 
rejection ratio Rs = 500 
Supply voltage rejection | Vcc = 5Vto30V, 
Kove upP y ge reject! cc 25°C 
ratio (AVoC/AVio) Rs = 500 


—20 
—10 —20 
mA 


| 
b 
oO 


lo Output current 


Supply current 


Icc 


— 


yen 


Full range 0.4 


t All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range is —25°C 
to 85°C for TL3211, and 0°C to 70°C for TL321C. 
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TL3221, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


D2567, OCTOBER 1979—REVISED OCTOBER 1988 


@® Wide Range of Supply Voltages D, JG, OR P PACKAGE . 
Single Supply ... 3 V to 36 V or (TOP VIEW) 
Dual Supplies 


a 
Class AB Output Stage anni: 
@ True Differential Input Stage #1 
@® Low Input Bias Current 
@ Internal Frequency Compensation symbol (each amplifier) 
@ Short-Circuit Protection NONINVERTING 
INPUT IN + 2 
description OUTPUT 
INVERTING 
The TL3221 and the TL322C are dual operational INPUT IN — 
amplifiers similar in performance to the uA741 
but with several distinct advantages. They are AVAILABLE OPTIONS 


designed to operate from a single supply over a 
range of voltages from 3 V to 36 V. Operation 
from split supplies is also possible provided the 
difference between the two supplies is 3 V to 
36 V. The common-mode input range includes 
the negative supply. Output range is from the 
negative supply to VCC— 1.5 V. Quiescent 
supply currents per amplifier are typically less 
than one-half those of the uA741. 


SMALL-OUTLINE a sin om eae 


(D) 
(P) 

or 
to 10 mv TL322CD | TL322CJG| TL322CP 

70°C 

-40°C 

to 8 mV TL3221D TL322IUG | TL322IP 

The TL322I is characterized for operation from 85°C 


of - ne : ; 
40°C to 85°C. The TL322C is characterized D packages are available taped and reeled. Add ‘‘R’’ suffix to device 
for operation from O°C to 70°C. type, (e.g. TL322CDR) 


” 
he 
s S 
a 
E 
< 
i 
& 
2) 
‘= 
is) 
he 
o 
o. 
.@) 


schematic (each amplifier) 


COMMON ~gr---- 74 
BIAS CIRCUITRY | 


VCC + 


NONINVERTING 
INPUT IN + a 
2S PERS Sees TO OTHER 
as va 2 ial was AMPLIFIER 
INVERTING ie — 
IN 
oe Gen 
RARES | cc 


All component values shown are nominal 


PRODUCTION DATA documents contain information ‘ Copyright © 1979, Texas Instruments Incorporated 
current as of publication date. Products conform to A, 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 2-445 
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TL3221, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


. absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

pe ee er ert 

Suv whee Vou ao CC“ ee) 

Supply voltage Vec— lepe Notech i te eee ce 

[Supply voltage Vocs with respecttoVcc-———S=~—“—~—S—~—s—s—sCSC‘“—~S~S~*~‘~*~mSSC~‘ SC‘“(;RNSSCWQS~SCdESCV~Cd 

Storage temperature range | -65to 150 | -65to150 | °C | 

P 4 Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG packepe.- oJ mae paca. 8S] 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds |DorP package | 260 | © 260 achhncesi) 


NOTES:1. These voltage values are with respect to the midpoint between Vcc + and Vcc -. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Neither input must ever be more positive then Vcc + or more negative than Vcc -. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATE Ta = 70°C Ta = 85°C 
POWER RATING FACTOR ABOVE Tg POWER RATING POWER RATING 


PACKAGE 


680 mW 5.8 mW/°C 33°C 
680 mW 6.6 mW/°C 47°C 
680 mW 8.0 mW/°C 65°C 
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TL3221, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature; VCC + = 15 V (unless otherwise noted) 


TL3221 ae es 
PARAMETER TEST CONDITIONSt : riaeen 
TYP MAX | MIN TYP MAX 
= 0, 25°C 
Input offset voltage = 
= 502 Full range 


Temperature coefficient of 
peratu i 25°C wV/°C 
input offset voltage fre 0 
-0.2 


x 


NIT 


Q 
0 input offset current 


° 
25°C 75 
Input offset current Vo = 
Full range 
° 
Input bias current 


Temperature coefficient of 
25°C pA/°C 


2 


Voc -“¥Yee- 
to to 
13.5 


+12 +12.5 +12 +13.5 
+10 +12 +10 +13 


Yoe— Vec- 
to to 
13. 13.5 


Common-mode input 


V 
ICR voltage ranget 


Vom _~Peak output voltage swing 


Large-signal differential 
AVD be de 
voltage amplification 
Maximum-output- 
swing bandwidth 


/mV 


Bom 


Operational Amplifiers 


B Unity-gain bandwidth a = BON, 25°C 
n = 
1 sh i = 10 ka 


= 200 oF 
Mees oa. 
gS esstns ——r=20e—— 25°C Aaa, er Rae tae 
CMRR Common-mode rejection ratio 25 °C 


Ww 
°o 


150 


: Supply voltage sensitivity 25°C 
avs (AVi9/AVcc) 


Short-circuit output current§ Non gaa Ls 


Total supply current 25°C 
an ne 


TAIl characteristics are noted under open-loop conditions unless otherwise noted. Full range for Ta is —40°C to 85°C for TL322I, and 
0°C to 70°C for TL322C. 

+The VICR limits are directly linked volt-for-volt to supply voltage; the positive limit is 2 V less than Vcc +. 

8Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 
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TL3221, TL322C | : 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc + = 5 V, VcC-— = 0 V, Ta = 25°C (unless otherwise noted) 


TL322I TL322 
PARAMETER TEST CONDITIONSt oa : : 


Vio Input offset voltage Vo = 2.5 V, Rg = 502 
Te) Input offset current Vo = 2.5 V 30 50 
iT} Input bias current 


VOM Peak output voitage swing* 


A Large-signal differential Vo = 1.7 V to 3.3 V, 
bic voltage amplification RL = 2 kQ 
Supply voltage sensitivit 
RE em at Be fe = +2.5Vto +15V 
(AVi9/AVcc +) 


lec Supply current Vo = 2.5 V, No load 


Avp = 100, 
Vo1/Vo2 Crosstalk att ti 
01/Vo2 Crosstalk attenuation si) Kite we 80 Kkis 


T All characteristics are specified under open-loop conditions. 
+Output will swing essentially to ground. 


2 


switching characteristics: Vcc + = +15 V, Ayp = 1, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
SR Slew rate at unity gain Vj = +10V, Cy = 100 pF, See Figure 1 
ie) ee ae en ly er eR 
ty Fall time ee es \ 4 L 
igur 
° 
Vipp = 30 mV, _Vopp = 2V, = 10 kHz 


PARAMETER MEASUREMENT INFORMATION 


sisipyduny jeuoneisdg 


Vi 


Ci = 100 pF Rt 


FIGURE 1. UNITY-GAIN AMPLIFIER 
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TL322I, TL322C 


DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 
250 


Vec+ = +15V = 


ie Be. 


liB—Input Bias Current-mA 


0 
-75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature — °C 
FIGURE 2 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


RL = 10 kQ 
Ta = 25°C 


Vopp—Maximum Peak-to-Peak Output Voltage —V 


2 eae 4 6 8. 10-42... 14-46 
\Vcc+|—Supply Voltage—V 


FIGURE 4 


ljgB—Input Bias Current—nA 


Vopp— Maximum Peak-to-Peak Output Voltage—V 


INPUT BIAS CURRENT 
vs 
SUPPLY VOLTAGE 
250 


Ta = 25°C = 


2 


te 
ey ale CUES eas 
ml Ae ee 


0 
0 2 4 6 8 10 12 14 16 
\Vcec + | —Supply Voltage—V 
FIGURE 3 
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


va mill 
CT CT FM 
CT NT 
CT 
: bie aall 


1k 10 k 100 k 1M 
f — Frequency — Hz 
FIGURE 5 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL322I, TL322C © 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs VOLTAGE-FOLLOWER 
FREQUENCY LARGE-SIGNAL PULSE RESPONSE 
106 
Vec+ = +15 V 
8 R- = 2 kQ 
8 105 Ss . SEER! GTS On aM Wis 
b= | > 
| 
<q 104 3 
® oO 
o Ax 
s Ss 
Ss 103 ~ 
3 = 
s a 
S 102 - 
= a 
. £ 
a 10. 
> 
< 
1 
1 10. 300% 1 & 40k 100k 1M 0 10 20 30 40 50 60 70 80 90 
f— Frequency — Hz t—Time-ys 
FIGURE 6 FIGURE 7 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW-POWER LinCMOS™ OPERATIONAL AMPLIFIERS 


D2751, JULY 1983—REVISED SEPTEMBER 1988 


@ Wide Range of Supply Voltages D, JG, OR P PACKAGE 
14V to 16 V (TOP VIEW) 
True Single-Supply Operation OFFSET N1[]1 \ 8[] BIAS SELECT 
IN - 7L)V 
Common-Mode Input Voltage Range IN+ (3 6 ae 
Includes the Negative Rail GND [a 51] OFFSET N2 
@ Low Noise... 30 nV Hz Typ at 1 kHz 
(High Bias) symbol 
description BIAS SELECT 
ine be ser C, TLC251AC, and bie BC se Pe oe we 
ow-cost, ow-power programma e operationa INPUT IN + aro 
amplifiers designed to operate with single or dual MvERTONts 
supplies. Unlike traditional metal-gate CMOS op INPUT IN — 
amps, these devices utilize Texas Instruments OFFSET N1 
silicon-gate LinCMOS™ process, giving them OFFSET N2 


stable input offset voltages without sacrificing 

the advantages of metal-gate CMOS. This series 

of parts is available in selected grades of input offset voltage and can be nulled with one external 
potentiometer. Because the input common-mode range extends to the negative rail and the power 
consumption is extremely low, this family is ideally suited for battery-powered or energy-conserving 
applications. A bias-select pin can be used to program one of three ac performance and power-dissipation 
levels to suit the application. The series features operation down to a 1.4-V supply and is stable at unity gain. 


The TLC251C series is characterized for operation from O°C to 70°C. 


These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.1. However, care should 
be exercised in handling these devices as exposure to ESD may result in a degradation of the device 
parametric performance. 


Operational Amplifiers B® 


Because of the extremely high input impedance and low input bias and offset currents, applications for 
the TLC251C series include many areas that have previously been limited to BIFET and NFET product types. 
Any circuit using high-impedance elements and requiring small offset errors is a good candidate for cost- 
effective use of these devices. Many features associated with bipolar technology are available with 
LinCMOS™ operational amplifiers without the power penalties of traditional bipolar devices. Remote and 


AVAILABLE OPTIONS 


Ta Be ep SMALL-OUTLINE | PLASTIC DIP | CERAMIC DIP 
(D) (P) (JG) 


D packages are available taped-and-reeled. Add ‘’R’’ suffix to device type when 
ordering (e.g., TLC251CDR). 


LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 


current . of ey -_ pe acomgy — : TE 43 
specifica ons per the terms xas instrumen x A S 

. P i a 
porn tens ape ates Beacons Legglga INSTRUMENTS 2-451 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLO251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW-POWER LinCMOS™ OPERATIONAL AMPLIFIERS ~ 


description (continued) 


inaccessible equipment applications are possible using the low-voltage and low-power capabilities of the 
TLC251C series. In addition, by driving the bias-select input with a logic signal from a microprocessor, 
these operational amplifiers can have software-controlled performance and power consumption. The 
TLC251C series is well suited to solve the difficult problems associated with single battery and solar cell- 
powered applications. 


schematic 
VDD 
ESD 
CURRENT BIAS 
es kigs BOR, CLR S PROTECTIVE 
; CONTROL Bee na SELECT 
( (_ » 
VM, <4 
ESD 
IN + PROTECTIVE 
NETWORK aR 
ESD 
IN — PROTECTIVE 


NETWORK 


—————— OUTPUT 
OFFSET N1 : 
ae sf evcibena 

GND 
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TLE251€, TLO251AC, TLC251BC 
PROGRAMMABLE LOW-POWER LinCMOS™ OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


supply. voltage, Wer tsee:Note 1) ... Srna Tat. a a ee ae SAN Pe es 18 V 
Ditterontial input -voiege (see: Note gic... ee ec ap bec ep a eens Sa atats +18 V 
InpOt VOHaoe ange wany WibWt) ir Ge eine ek. kc wick ee igs Ree ies ee -0.3 V to 18 V 
Duration of short-circuit at (or below) 25°C free-air temperature (see Note 3) .......... unlimited 
Continuous total adigsipation .£ 2505 ene. be. eb Je ele et See Dissipation Rating Table 
Gaereung 1ee-on ramiperarire fande.. 002.45, 5. bes Gels oe es bee ee O°C'to 76°C 
ROT ense LOIIeTOrUreteANGG:. 1k. ul Sa ee Oh. eiclete sso a's bales Sop ae Sag hw Sk ps —65°C to 150°C 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: JG package........ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor P package........ 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Differential voltages are at the noninverting input terminal, with respect to the inverting input terminal. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING FACTOR Ta = 70°C 
POWER RATING ABOVE Ta = 25°C POWER RATING 


PACKAGE 


725 mW 5.8 mW/°C 
825 mW 6.6 mW/°C 
1000 mW 8.0 mW/°C 


recommended operating conditions 


GNBE secticens theca Sa: sonore alae eee Srna Sei eee Oe BET Se es SI 
Supply voltage, Vpp 1.4 16 


Vop = 14 V fies hot manu | 
Vop = 8V 0.8 a 
Vop = 10V PROB rare vigaude OF 
Vpp = 16V 
0 70 


Common-mode input voltage, Vic 
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TLE251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW-POWER LinCMOS™ OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 10 V (unless otherwise noted) 


PARAMETER 


TLC251C 
ViO Input offset voltage TLC251AC 
TLC251BC 


Average temperature coefficient 
of input offset voltage 


po 25°C 
Input offset current 0°C to 70°C 
7 25°C 


Common-mode input 
voltage range 


avid 


2 


VICR 


Vom Peak output voltage range* 


Large-signal differential 
voltage amplification 


V 
CMRR Common-mode rejection ratio yall 
| = 


Supply voltage rejection ratio 
(A Vcec/A Vio) Vo = 


AvD 


sisiyjdwy jeuoieisdg 


KSVR 


Vip = 100 mV 


Vo = Vpp. 
Vip = —100 mv 


High-level input current 
I V OV 25 
IH(SEL) to bias select SEL) ~ 

Low-level input current 
| V 10 V 
IL(SEL) to bles select (SEL) = 


No load, 
Ipp Supply current Vo = 5V, 
Vic = 5V 


los Short-circuit output current 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless 
otherwise noted, an output load resistor is connected from the output to ground and has the following values: for low bias Ry = 1 MQ, 
for medium bias Ri = 100 kQ, and for high bias Ri = 10 kQ. 

+The output will swing to the potential of the ground pin. 
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TLE251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW-POWER LinCMOS™ OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 1.4 V 


PARAMETER TEST CONDITIONS? TYP MAX | UNIT 
25° 
richete 


0°C to 70°C = 
TLC251BC 


Any 
Average temperature coefficient 


Input offset voltage 


Any 
Dee ee | O°C to 70°C | 70°C 


of input offset voltage 
= 
0°C to 70°C / 


caret 
Vo =0:2 V 


yj 
Large-signal differential ae = 100 to 300 mV, 5 See eee 
AvD ee 26°C VimV 
voltage amplification Rs = 600 oc Ps mac 
Rs = 


Common-mode 


Input offset current 


iB Input bias current 


Common-mode input 
voltage range 


CMRR eae 
rejection ratio 


ViC 
V 
IDD Supply current 


s 

No load . 

T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless 
otherwise noted, an output load resistor is connected from the output to ground and has the following values: for low bias Ry = 1 MQ, 
for medium bias Ry = 100 kQ, and for high bias RL = 10 kQ.— 

+The output will swing to the potential of the ground pin. 


operating characteristics, Vpp = 1.4 V, Ta = 25°C 
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TLO251C, TLO251AC, TLC251BC | 
PROGRAMMABLE LOW-POWER LinCMOS™ OPERATIONAL AMPLIFIERS 


operating characteristics, VDp = 10 V, Ta = 25°C 


PARAMETER TEST CONDITIONS | BIAS —s—<t~sésédYL:SMIN'”sTT'YP) MAX | UNIT 


Ay = 40 6B, Low cen 5 i aria 
By Unity-gain bandwidth oe Tn SEC Tee Si ek 
Rg = 60 0 Re 9e on See ae 
gar low Do eee ea 
SR Slew rate at unity gain See Figure 1 Pt Med ny ed Vine 
MME Sits 1) | RE 
EE CATS 2 ee ar 
Overshoot factor See Figure 1 a ee eae 
ém Phase margin at unity gain Ce Mae ee 
Vn Equivalent input noise voltage ae Pp  Medin Pe a nite 
af Rs = 1009 
Po et ee 
PARAMETER MEASUREMENT INFORMATION 
OUTPUT IN — 
INPUT OUTPUT 
Cy = 100 pF Ri IN + i 
GND 
FIGURE 1. UNITY-GAIN AMPLIFIER FIGURE 2. INPUT OFFSET VOLTAGE NULL CIRCUIT 
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TLE251C, TLC251AC, TLC251BC 


PROGRAMMABLE LOW-POWER LinCMOS™ OPERATIONAL AMPLIFIERS 


10,000 


Ipp— Supply Current— pA 


100 


| 
} 


100 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT SUPPLY CURRENT 


vs 
BIAS SELECT PIN 


Vo = Vic = 0.2 Vpp 


vs 
VOLTAGE SUPPLY VOLTAGE 


10,000/ "= Vic = 0.2 Vpp 


No load 
Ta = 25°C 
a 1000 
g 
: 2 
5 
ns 100 
3 2 
S ® 
° aes 
ag : 
= § 
1 c) 
0 26 BO Oe ne 
Vp—Bias Select Pin Voltage—V Vpp—Supply Voltage—V - 
FIGURE 3 FIGURE 4 25 
2. 
LOW BIAS O 
LARGE-SIGNAL 
: DIFFERENTIAL VOLTAGE AMPLIFICATION 
SUPPLY CURRENT and PHASE SHIFT 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 


| 
High-Bias Versions 


Vpp = 10 V 


Vic = OV 
Vo =2V 
No load 


Phase Shift 


Ayvp— Differential Voltage Amplification 


0 10 20 30 40 50 60 70 80 0.1 : 10 100 1k 10k 100k 
Ta—Free-Air Temperature — °C Frequency — Hz 
FIGURE 5 FIGURE 6 
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TLO251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW-POWER LinCMOS™ OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MEDIUM BIAS 
LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 


FREQUENCY 
c 
£ 
8 
2 : 
: Be 
= 
: : emcee, 
Zo) = 3 ES ° © 
© S 10 a — 90 & 
® > Phase Shift ee xe 8 
® = io (right scale) | _ | mat 120° Re 
: : Bs 
= = 1 Se Pit 150° 
10 ~ 
g age <u 
> ae 4 ato on SS 180° 
> 
2 : Bees 
0.1 
- 1 10 100 tk Wk 100k 1M 
= Frequency — Hz 
= FIGURE 7 
HIGH BIAS 
LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 
FREQUENCY 
c 
2 
§ 
< = ne 
& = 
fe Phase Shift (right scale) 7 
af ae 2 
: N £ 
2 
E | 
a 
Q 
> 
= @ 


“140 100 1k 10k 100k 1M 10M 
Frequency — Hz 


FIGURE 8 
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TLO251C, TLC251AC, TLO251BC 
PROGRAMMABLE LOW-POWER LinCMOS™ OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION INFORMATION 


latchup avoidance 


Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. 
Under certain conditions, this SCR may be triggered into a low-impedance state, resulting in excessive 
supply current. To avoid such conditions, no voltage greater than 0.3 V beyond the supply rails should 
be applied to any pin. In general, the op amp supplies should be applied simultaneously with, or before, 
application of any input signals. 


using the bias select pin 


The TLC251C series has a bias select pin that allows the selection of one of three IpDp conditions (10, 
150, and 1000 ,A typical). This allows the user to trade-off power and ac performance. As shown in the 
typical supply current (IpDp) versus supply voltage (Vpp) curves (Figure 4), the IpDp varies only slightly 
from 4 V to 16 V. Below 4 V, the Ipp varies more significantly. Note that the Ipp values in the medium 
and low-bias modes at Vpp = 1.4 V are typically 2 nA, and in the high mode are typically 12 pA. The 
following table shows the recommended bias select pin connections at Vpp = 10 V: 


Low Low Vpp 
Medium Medium 0.8 Vto9.2V 
High High 


2 


Ground pin 


TThe Bias Select pin may also be controlled by external circuitry to conserve power, etc. For information regarding the bias select 
pin, see Figure 3 in the typical characteristics curves. 
tFor Ipp characteristics at voltages other than 10 V, see Figure 4 in the typical characteristics curves. 


Operational Amplifiers 


output stage considerations 


The amplifier’s output stage consists of a source-follower-connected pullup transistor and an open-drain 
pulldown transistor. The high-level output voltage (VOH) is virtually independent of the Ipp selection, and 
increases with higher values of Vpp and reduced output loading. The low-level output voltage (VoL) 
decreases with reduced output current and higher input common-mode voltage. With no load, VoL is 
essentially equal to the GND pin potential. 


input offset nulling 


The TLC251C series offers external offset null control. Nulling may be achieved by adjusting a 25-kQ 
potentiometer connected between the offset null terminals with the wiper connected to the device GND 
pin as shown in Figure 2. The amount of nulling range varies with the bias selection. At an Ipp setting 
of 1000 A (high bias), the nulling range will allow the maximum offset specified to be trimmed to zero. 
In low or medium bias or when the amplifier is used below 4 V, total nulling may not be possible for all units. 


supply configurations 


Even though the TLC251C series is characterized for single-supply operation, it can be used effectively 
in a split-supply configuration when the input common-mode voltage (ViCR), output swing (VOL and VOH), 
and supply voltage limits are not exceeded. 


circuit layout precautions 


The user is cautioned that when ever extremely high circuit impedances are used, care must be exercised 
in layout, construction, board cleanliness, and supply filtering to avoid hum and noise pickup, as well as 
excessive dc leakages. 
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TLO252€, TLO25L2C, TLC25M2C 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


D2752, JUNE 1983—REVISED SEPTEMBER 1988 


D, JG, OR P PACKAGE 
(TOP VIEW) 


A Suffix Versions Offer 5-mV Vio 
B Suffix Versions Offer 2-mV Vio 


Wide Range of Supply Voltages 
1.4Vto 16 V 


True Single-Supply Operation 


Common-Mode Input Voltage Includes the 
Negative Rail 


@ Low Noise... 30 nV./Hz Typ at 


symbol (each amplifier) 


RTIN 
f = 1 kHz (High-Bias Versions) ecten or acta y) 
INVERTING 
description INPUT IN — 


The TLC252C, TLC25L2C, and TLC25M2C are low-cost, low-power dual operational amplifiers designed 
to operate with single or dual supplies. These devices utilize the Texas Instruments silicon gate LinCMOS™ 
process, giving them stable input offset voltages that are available in selected grades of 2, 5 or 10 mV 
maximum, very high input impedances, and extremely low input offset and bias currents. Because the 
input common-mode range extends to the negative rail and the power consumption is extremely low, this 
series is ideally suited for battery-powered or energy-conserving applications. The series offers operation 
down to a 1.4-V supply, is stable at unity gain, and has excellent noise characteristics. 


The TLC252C series is characterized for operation from O°C to 70°C 


These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.1. However, care should 
be exercised in handling these devices as exposure to ESD may result in a degradation of the device 
parametric performance. 
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Because of the extremely high input impedance and low input bias and offset currents, applications for 
the TLC252C series include many areas that have previously been limited to BIFET and NFET product types. 
Any circuit using high-impedance elements and requiring small offset errors is a good candidate for cost- 
effective use of these devices. Many features associated with bipolar technology are available with 
LinCMOS™ operational amplifiers without the power penalties of traditional bipolar devices. General 
applications such as transducer interfacing, analog calculations, amplifier blocks, active filters, and signal 
buffering are all easily designed with the TLC252C series devices. Remote and inaccessible equipment 


AVAILABLE OPTIONS 


PACKAGE 
SMALL-OUTLINE | PLASTIC DIP CERAMIC DIP 
(P) (JG) 


TLC252CD 
TLC252ACD 
TLC252BCD 


TLC25L2CD 
TLC25L2ACD 
TLC25L2BCD 
TLC25M2CD 

TLC25M2ACD 
TLC25M2BCD 


D packages are available taped-and-reeled. Add ‘’R’’ suffix to device type when 


ordering (e.g., TLC252CDR). 
LinCMOS is a trademark of Texas Instruments Incorporated 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


TLC252CP 
TLC252ACP 
TLC252BCP 
TLC25L2CP 

TLC25L2ACP 
TLC25L2BCP 
TLC25M2CP 
TLC25M2ACP 
TLC25M2BCP 
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TLC252CJG 
TLC252ACJG 
TLC252BCJG 
TLC25L2CJNG 

TLC25L2ACJG 
TLC25L2BCJG 
TLC25M2CJG 


TLC25M2ACJG 


TLC25M2BCJG 
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description (continued) 


applications are possible using their low-voltage and low-power capabilities. The TLC252C series is well 
suited to solve the difficult problems associated with single-battery and solar-cell-powered applications. 
This series includes devices that are characterized for the commercial temperature range and are available 
in 8-pin plastic and ceramic dual-in-line (DIP) packages and the small outline (D) package. 


schematic (each amplifier) 


VppD 
= 2 
ESD 
IN + PROTECTIVE 
NETWORK eI 
ESD 
IN — PROTECTIVE 


NETWORK 


O— OUTPUT 


GND 


siayyduny jeuonesodC HW) 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Sdnoly voltae, Von-ese Note: Ty eee VP Pa RR ee ee ee ee ee ath si ae ee 18 V 
Differential input: voltage (teed Note. 2)6 i 'F Sree Pn er ee a ce, +18 V 
irpart wollatne Tare Carry nutes OS SER Re IPI Se eS —-0:3 Vto 18 V 
Duration of short-circuit at (or below) 25°C free-air temperature (see Note 3) .......... unlimited 
Contingous total: dissipation: eT SUE TDS IE Pee See Dissipation Rating Table 
Operating free-air temperture range... .. 2... ee eee Oe ta 70°C 
Be ar 20k ad eas wk dis ko wie de gb hehe 6 Ae dh oe OE -65°C to 150°C 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: JG package........ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ........ 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2.: Differential voltages are at the noninverting input terminal, with respect to the inverting input terminal. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING FACTOR Ta = 70°C 
POWER RATING ABOVE Tag = 25°C POWER RATING 


PACKAGE 


725 mW 5.8 mW/°C 
825 mW 6.6 mW/°C 
1000 mW 8.0 mW/°C 
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recommended operating conditions 


Supply voltage, Vpp 


Vpp = 1.4 V 


UNIT 


Common-mode input voltage, Vic 


°o 


< 
0 
0 
ll 
° 
< 
~ 
o 


Operating free-air temperature, Ta 


TLC25L2_C TLC25M2_C 


MIN TYP MAX MIN TYP MAX 


Input 
Vo offset | TLC25_2AC 
ee 
TLC25_ 2BC 0°C to 70°C 
Average temperature 
aViO coefficient of input 25°C to 70°C 
offset voltage 
Vic = 5V, 
lo Input offset current Vie BV 0°C to 70°C 
| Vic = 8V, 
ip Input bias current Vo = 5V 0°C to 70°C 


TLC25— 2C 


3 
< 


5°) 
> 


voltage range 
Peak output voltage 
Vv Vip = 100 mV 
O° to’ 70°C 
A Large-signal differential Vo = 1to 6 V, 
VD __voltage amplification | Rg = 500 So ET LT Sieh 2 ORGAN DAY ree eamea PSC SRG Teaco 


S 
C a Vo = 1.4 V, 

Cami 0 25°C 65 88 65 88 65 «8B 
rejection ratio Vic = VicR min 


© 


re) 
ro) 


c 
< < z 
4 


ee 
@ 


Supply voltage 
kSVR rejection ratio 
(4 Vec/4 Vio) 


Vpp = 5to 10 V, 
Vo = 1.4V 


Vo = 0, 
Short-circuit Vip = 100 mv 
output current Vo = Vpp. 

Vip = —100 mV 


los 


2000 4000 


[ae | ato 
Supply current pA 


t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless 
otherwise noted, an output load resistor is connected from the output to ground and has the following value: For low bias Ri = 1 MQ; 
for medium bias Ri, = 100 kQ; and for high bias RL = 10 kQ. 

+The output will swing to the potential of the ground pin. 
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electrical characteristics at specified free-air temperature, VDD = 1.4 V (unless otherwise noted) 


MIN 
Input ¥ 
deltas O°C to 70°C 
O°C to 70°C 
Average temperature 
ayvio coefficient of input 25°C to 70°C 
offset voltage 
25°C 
IB 


25°C 


Common-mode input 
VICR 
voltage range 
Peak output voltage 
Vv Vv 100 mV 25°C 
OM swing? 
‘Kies Large-signal sihbaheala Vo = 100 to 300 mV, 25°C 
voltage amplification Rs = 502 
Cc -mod Vo = 0.2 V, 
CWA 0 25°C 60 77 60 77 
rejection ratio Vic = ViCR min 
No load, 
lpD Supply current Vo = 0.2V 25°C 300 375 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless 


| Input bias current = 0:2-V wil 
sci dh —_ 0°C to 70°C 


a 
Oo 
~ 
~ 


otherwise noted, an output load resistor is connected from the output to ground and has the following value: For low bias Ri = 1 MQ; 
for medium bias Ri = 100 kQ; and for high bias RL = 10 kQ. 
+The output will swing to the potential of the ground pin. 


operating characteristics, VpDp = 10 V, Ta = 25°C 


ia 
PARAMETER TEST CONDITIONS ee TLC25L2_C TLC25M2_C 


MIN TYP MAX | MIN TYP MAX | MIN TYP MAX 
By Unity-gain bandwidth 


V/us 


Phase margin at 


%m unity gain 


unity gain 
| ___—Overshoot factor__| See Figuret | 35% | 80% 
Ay = 40 cB, 
y noise voltage Rs = 1002 
Cross talk 


ro | 

= 
= z 
E $ 


Rs = 1002, 
attenuation 
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operating characteristics, VpDp = 1.4 V, TA = 25°C 


TEST CONDITIONS TEST CONDITIONS - TLESSh2—F TLC26M2—C 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 
A 


yv = 40 GB, 
By Unity-gain bandwidth Cy = 10 pF, 75 
Rg = 502 


SR_ Slew rate at unity gain See Figure 1 | Se ed 
Seo Agua [30m | | sew 


PARAMETER MEASUREMENT INFORMATION 


2 


~” 
bom 
© 
teen 
OUTPUT — 
INPUT = 
CL = 100 pF Ri , 
r 
, : 
FIGURE 1. UNITY-GAIN AMPLIFIER ‘~~ 
G 
Bene 
o 
TYPICAL CHARACTERISTICS 6 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


10,000-V5"= vic = 0.2 Vop 10,000 


Vpp = 10 V 


Vic = OV 


| Vo =2V 
High-Bias Versions 
r , 
| 
F FE 
2 = Medium-Bias Versions 
S 
© 100 © 100 
= = 
S 8 
; ° 
| , PB 
Low-Bias Versions 
i) 10 a 10 SS ETT 
1 1 
O 2. do @ Be Waele. 16-46. 7128 20 0 16.120: =30: 40 -50-=60. 70: 80 
Vpp—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 2 FIGURE 3 
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Avp — Differential Voltage Amplification 


Avp— Differential Voltage Amplification 


TYPICAL CHARACTERISTICS 


LOW-BIAS VERSIONS 
LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs FREQUENCY 


Phase Shift 
___(right scale) 


0.1 1 10 100 1k 10k 100k 


Frequency —Hz 


FIGURE 4 


MEDIUM-BIAS VERSIONS 
LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs FREQUENCY 


Phase Shift | 
(right scale) he 


eee 


1 10 100 1k 10k 100k 1M 
Frequency — Hz 


FIGURE 5 
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TYPICAL CHARACTERISTICS 


HIGH-BIAS VERSIONS 
LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs FREQUENCY 


2 


Avp— Differential Voltage Amplification 
Phase Shift 


‘10 100 1k 10k 100k 1M 10M 
Frequency — Hz 


FIGURE 6 


Operational Amplifiers 


TYPICAL APPLICATION INFORMATION 
latchup avoidance 


Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. 
Under certain conditions, this SCR may be triggered into a low-impedance state, resulting in excessive 
supply current. To avoid such conditions, no voltage greater than 0.3 V beyond the supply rails should 
be applied to any pin. In general, the op amp supplies should be established simultaneously with, or before, 
application of any input signals. 


output stage considerations 


The amplifier’s output stage consists of a source follower connected pullup transistor and an open drain 
pulldown transistor. The high-level output voltage (VQH) is virtually independent of the Ipp selection, and 
increases with higher values of Vpp and reduced output loading. The low-level output voltage (VoL) 
decreases with reduced output current and higher input common-mode voltage. With no load, VOL is 
essentially equal to the GND pin potential. 


supply configurations 


Even though the TLC252C series is characterized for single-supply operation, it can be used effectively 
in a split supply configuration if the input common-mode voltage (ViCR), output swing (VOL and VOH), 
and supply voltage limits are not exceeded. 


circuit layout precautions 


The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised 
in layout, construction, board cleanliness, and supply filtering to avoid hum and noise pickup, as well as 


excessive DC leakages. 
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D2753, JUNE 1983—REVISED OCTOBER 1988 


A Suffix Versions Offer 5-mV Vio D, J, OR N PACKAGE 


(TOP VIEW) 
B Suffix Versions Offer 2-mV Vio 
: OUT[}1 W14f] OUT 
Wide Range of Supply Voltages AMP #1 IN- 2 130] IN - AMP #4 
True Single-Supply Operation Vec#i4> 9 14L) Vece- 
IN¢+] {5 10} | IN+ 
Common-Mode Input Voltage Includes the AMP #2 ¢ IN-[eb of] IN - AMP #3 


Negative Rail ouTf7 sh] OUT 


@ Low Noise... 30 nV./Hz Typ at 
f = 1 kHz (High-Bias Versions) 


symbol (each amplifier) 


description NONINVERTING 
The TLC254C, TLC25L4C, and TLC25MA4C are INPUT IN + OUTPUT 
low-cost, low-power quad operational amplifiers INVERTING 
designed to operate with single or dual supplies. INPUT — 


These devices utilize the Texas Instruments 

silicon gate LinCMOS™ process, giving them stable input offset voltages that are available in selected grades 
of 2, 5, or 10 mV maximum, very high input impedances, and extremely low input offset and bias currents. 
Because the input common-mode range extends to the negative rail and the power consumption is extremely 
low, this series is ideally suited for battery-powered or energy-conserving applications. The series offers 
operation down to a 1.4-V supply, is stable at unity gain, and has excellent noise characteristics. 


The TLC254C series is characterized for operation from O°C to 70°C 


These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.1. However, care should 
be exercised in handling these devices as exposure to ESD may result in a degradation of the device 
parametric performance. 


Operational Amplifiers By 


Because of the extremely high input impedance and low input bias and offset currents, applications for 
the TLC254C series include many areas that have previously been limited to BIFET and NFET product types. 
Any circuit using high-impedance elements and requiring small offset errors is a good candidate for cost- 
effective use of these devices. Many features associated with bipolar technology are available with 
LinCMOS™ operational amplifiers without the power penalties of traditional bipolar devices. General 
applications such as transducer interfacing, analog calculations, amplifier blocks, active filters, and signal 


AVAILABLE OPTIONS 


Vio MAX 
AT 25°C 


SMALL-OUTLINE | CERAMIC DIP PLASTIC DIP 
(D) (J) (N) 
10 mV TLC254CD TLC254CJ TLC254CN 
5 mV TLC254ACD TLC254ACJ TLC254ACN 
2 mV TLC254BCD TLC254BCJ TLC254BCN 
10 mV TLC25L4CD TLC25L4CJ TLC25L4CN 
5 mV TLC25L4ACD TLC25L4ACJ TLC25L4ACN 
2 mV TLC25L4BCD TLC25L4BCJ TLC25L4BCN 
10 mV TLC25M4CD TLC25M4CJ TLC25M4CN 
5 mV TLC25M4ACD TLC25M4ACJ | TLC25M4ACN 
2 mV TLC25M4BCD TLC25M4BCJ TLC25M4BCN 


D packages are available taped-and-reeled. Add ‘’R’’ suffix to device type when 
ordering (e.g., TLC254CDR). 


LinCMOS is a trademark of Texas Instruments Incorporated 


PRODUCTION DATA documents contain information i Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

percent per “ — of Texas reap TEXAS 9-469 
standard warranty. Production processing does not - 
necessarily include testing of all parameters. INST RUMENTS 
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description (continued) 


buffering are all easily designed with the TLC254C series devices. Remote and inaccessible equipment 
applications are possible using their low-voltage and low-power capabilities. The TLC254C series is well 
suited to solve the difficult problems associated with single-battery and solar-cell-powered applications. 
This series includes devices that are characterized for the commercial temperature range and are available 
in 14-pin plastic and ceramic dual-in-line (DIP) packages and the small outline (D) package. 


DEVICE FEATURES 


TLC25L4C TLC25M4C TLC254C 
(LOW BIAS) | (MEDIUM BIAS)| (HIGH BIAS) 

4000 4A 

4.5 Vius 


Input offset voltage (Max) 


2 


TLC254C, TLC25L4C, TLC25M4C 10 mV 10 mV 10 mV 


TLC254AC, TLC25L4AC, TLC25M4AC 5 mV 5 mV 5 mV 
TLC254BC, TLC25L4BC, TLC25M4BC 2 mV 2 mV 2 mV 


0.1 1V/montht 
0.7 wVI°C 5 AV/°C 

input bias current (Typ) =~ pA [it pA d| A 

input offset current (Typ) Sid Ad A 


T The long-term drift value applies after the first month. 


schematic (each amplifier) 
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Vpp 
fa fy 
IN + PROTECTIVE 
NETWORK tig 


ESD 
PROTECTIVE 
NETWORK 


U OUTPUT 


GND 
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SATE. PS SRE LMA AREAS ELITE SIT ts SSPE Dans os TERS RE OLE EE i ED PORT EIEN LL, Sh AEE EME EIN ETI Se BL AL AEE CEE SNL TD DLE oH RS TEED 
absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


SUphiY Voreoe,. Von: 1860 NOt Ep. meet cas. sh lee eee Uwe Ns a a ohana 18 V 
EXERC CS CGRT ELSE Us Sir (G0 a cng retire oes pan nner limeriprim yokes ey eeminnemeete +18 V 
INGLE ee tare ety IDOE) ri. stat mea ss ek sas tats. whateteee we apace 8 ars -—0.3 V to 18 V 
Duration of short-circuit at (or below) 25°C free-air temperature (see Note 3) .......... unlimited 
Continuicus-tetal- Gig iG BtIOR isan fe ie otter ty See Dissipation Rating Table 
Operating tree-ay temperature range ... i. sb eek. f.. SORES esas 6 CE RRES 0°C.to 70°C 
SLOrane taimoermcine Pande 15. 2 Ss 6 Ste hen ones da SP Bea ae ae lalety —65°C to 150°C 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: J package......... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor N package........ 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Differential voltages are at the noninverting input terminal, with respect to the inverting input terminal. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING FACTOR Ta = 70°C 
POWER RATING ABOVE Ta = 25°C POWER RATING 


PACKAGE 


725 mW 5.8 mW/°C 
1025 mW 8.2 mW/°C 
1150 mW 9.2 mW/°C 


recommended operating conditions 


Supply voltage, Vpp 


Operational Amplifiers By 


Common-mode input voltage, Vic 


Operating free-air temperature, Ta 
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electrical characteristics at specified free-air temperature, VDp = 10 V (unless otherwise noted) 


TLC25L4_C TLC25M4_C 


voltage 
TLC25_4BC 0°C to 70°C 
Average temperature 
aVI9 coefficient of input 25°C to 70°C 
offset voltage 
vc = 
Input offset current 0°C to 70°C 
fe) 
ve 
Input bias current —. to 70°C 


eet 
Peak output voltage 
V Vip = 100 mV 
OM _swing? 0° to 70°C 
" Large-signal differential = 1to6V, 
ve voltage amplification = 5020 0°C to 70°C 
Common-mode = 1.4V, 
25°C 
rejection ratio Cae VICR min 


Supply voltage 
V 5 to 10 V, 
OD rie 25°C 


_ Cas Cc 
ETER TEST 1iOonst NIT 
sata et ee ee TYP M N TYP MAX | MIN TYP MAX _ 
aa ta 
a a aa to 70°C 
25°C 
“ RS SENT Foe eee 


“ - 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an output 
load resistor is connected from the output to ground and has the following value: For low bias RL = 1 MQ; for medium bias RL = 100 kQ?; and for high bias Ry = 10 kQ. 
+The output will swing to the potential of the ground pin. 


Common-mode input 


oe 
° 


voltage range 


= 
© 
00 ° 
~ 


a 

@0 | co} ~o 
= 
3 
< 


= 
co 
ro.) 


ie?) 
o 
© 
ee) 
Oo 
ol 


~ 
°o 
co 
co 
~ 
fo) 
io] 
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KSVR rejection ratio Vo = 1.4V 
(A Vcc/A Vio) 


~ ™~ 
wo 00 | oo 


Vo = O, 
ine Short-circuit Vip = 100 mV 25°C 
output current Vo = Vpp. 
Vip = —100 mV 
Supply current Vo = SV, 


JVINGZITL ‘IHISZITL ‘9PSZ9TL 


SYslaIdNV IWNOILWH4d0 GVND wSOWI"!T 


S97SZ SVX3L ‘SVTIVO » ZL0SS9 XO8 3D!I540 LSOd 


I 


SLNAWNAULSN 


ELV-c 


electrical characteristics at specified free-air temperature, VDp = 1.4 V (unless otherwise noted) 


Input 
Vio offset 
voltage 


Average temperature 
avio coefficient of input 


offset voltage 


| | t offset current O2NV <a 
npu 
10 r 0°C to 70°C 


Vo = 0. 
25°C 
| Input bias current Vo = 0.2 V 
O*°C to 70°C 

C -mode input 
voltage range 

V Re ee SE Aria ee NOL Ay 25°C 450 700 

OM swing? Die 

Large-signal differential | Vo = 100 to 300 mV, 

Avo niieranod aa o 25°C 10 20 
voltage amplification Rg = 502 
Common-mode Vo = 0.2 V, 

CMRR Ae! : 25°C 60 77 60 77 
rejection ratio Vic = VicR min 

| Supply current dead 25°C 600 750 50 «68 

u curr 
DD pply Vo = 0.2V 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an output 
load resistor is connected from the output to ground and has the following value: For low bias RL = 1 MQ; for medium bias Ry = 100 kQ; and for high bias Ry = 10 kf. 
+The output will swing to the potential of the ground pin. 


°o 
ot 
be Oo 
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operating characteristics, Vpp = 10 V, Ta = 25°C 


PARAMETER TE NDITIONS TLC254_C TLC25L4_C TLC25M4_C UNIT 
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX 


By Unity-gain bandwidth} Cy. 
Rs = 


Slew rate at 
unity gain 


i 
— 
° 
° 

Tv 
= 


operating characteristics, VDpp = 1.4 V, TA = 25°C 


TEST CONDITIONS TEST CONDITIONS 


MIN TYP MAX 
Ay = 40 aB, 
CL = 10 pF, 75 


12 kHz 
Rs = 500 
Baas. eS a RE: SERRE 


SR_ Slew rate at unity gain See Figure 1 Sh. ic ee | 
| ___Overshoot factor ____| See Figure1__| 30% ee 


SecFidwd 1.) som || SOM rt eee 
Phase margin at ONS Beers 
y) iho oe Rg = 1009, 49° 38° 
unity gain 
CL = 100 pF : 
Equivalent i t f = 1 kHz, 
Vn aul ent inpu z nV 
noise voltage Rs = 1000 
Cross talk 
Vo1/V Av = 100 120 120 
o1/¥o2 attenuation Ko ee ieee 


By Unity-gain bandwidth 


Sidipduiy jeuoijes9dg 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 
INPUT 


Cy = 100 pF Ri 


FIGURE 1. UNITY-GAIN AMPLIFIER 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


10,0007 "= Vic = 0.2 Vpp 


=" 
oS 
i=] 
i] 


100 


Iipp—Supply Current—yvA 


10 


US, Be Ie Te I 16-2 0 10 20 30 40 50 60 70 80 


Vpp—Supply Voltage—V 
FIGURE 2 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


Vpp = 10 V 
Vic =0V 
Vo=2V 
No load 


10,000 


High-Bias Versions 


2 


ipp—Supply Current—yvA 


Ta—Free-Air Temperature—C 
FIGURE 3 
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LOW-BIAS VERSIONS 
LARGE-SIGNAL 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


Avp-—Differential Voltage Amplification 


and PHASE SHIFT 
vs 
FREQUENCY 


Phase Shift 


° 


N 
io) 


Frequency —Hz 
FIGURE 4 
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TYPICAL CHARACTERISTICS 
MEDIUM-BIAS VERSIONS 
LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 
FREQUENCY 


Avp-—Differential Voltage Amplification 
Phase Shift 


1 10 100 1k 10k 100k 1M 
Frequency—Hz 


FIGURE 5 
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HIGH-BIAS VERSIONS 
LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 
FREQUENCY 


Avp-—Differential Voltage Amplification 
° 
a) 
Phase Shift 


0.1 
10 100 1k 10 k 100k 1M 10M 
Frequency—Hz 


FIGURE 6 
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TYPICAL APPLICATION INFORMATION 
latchup avoidance 


Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. 
Under certain conditions, this SCR may be triggered into a low-impedance state, resulting in excessive 
supply current. To avoid such conditions, no voltage greater than 0.3 V beyond the supply rails should 
be applied to any pin. In general, the op amp supplies should be established simultaneously with, or before, 
application of any input signals. 


output stage considerations 


The amplifier’s output stage consists of a source follower connected pullup transistor and an open drain 
pulldown transistor. The high-level output voltage (VOH) is virtually independent of the Ipp selection, and 
increases with higher values of Vpp and reduced output loading. The low-level output voltage (VoL) 
decreases with reduced output current and higher input common-mode voltage. With no load, VoL is 
essentially equal to the GND pin potential. 
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supply configurations 


Even though the TLC254C series is characterized for single-supply operation, it can be used effectively 
in a split supply configuration if the input common-mode voltage (ViCR), output swing (VOL and VOH), 
and supply voltage limits are not exceeded. 


circuit layout precautions 


The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised 
in layout, construction, board cleanliness, and supply filtering to avoid hum and noise pickup, as well as 
excessive DC leakages. 
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TLO271, TLC271A, TLO271B 
LinC MOS” PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 


D3137, NOVEMBER 1987—REVISED MARCH 1989 


Input Offset Voltage Drift . . . Typically D, JG, OR P PACKAGE 
0.1 »V/Month, Including the First 30 Days (TOP VIEW) 


@ Wide Range of Supply Voltages over OFFSET N1 [{1 U) 81 BIAS SELECT 
Specified Temperature Range: IN — 71] Vpop 
-55°C to 125°C ...5Vto 16 V IN+ (13 6{] OUT 
-40°C to 85°C...4Vto 16 V 


GND | 4 5] | OFFSET N2 
0°C to 70°C...3 Vto 16 V 
Single-Supply Operation FK PACKAGE 
®@ Common-Mode Input Voltage Range sired, 
Extends Below the Negative Rail (C-Suffix, eee 
|- ffi zm Lu 
Suffix types) 8 r 
@ Low Noise... Typically 25 nV VHz at YD 
. . <x 
f = 1 kHz (High-Bias Mode) SeESes 
@ Output Voltage Range Includes Negative +a 
Rail nc{t}4 18L} NC 
High Input Impedance . . . 1012 Q Typical IN- D5 '7U Vop 
: pe NC U6 16,} NC 
ESD-Protection Circuitry Ine 7 1s(] OUT 


@ Small-Outline Package Option Also Available NcCs8 14(} NC 
in Tape and Reel 


NO 


@ Designed-In Latchup Immunity 


om 
O 
4 


NC UJ 


NC [Jo 
OFFSET N2 {} 


GND [J 


description 


The TLC271 operational amplifier combines a 
wide range of input offset voltage grades with 
low offset voltage drift, and high input 
impedance. In addition, the TLC271 offers a bias 
select mode which allows the user to select the 
best combination of power dissipation and AC performance for a particular application. These devices use 
Texas Instruments silicon-gate LinCMOS™ technology, which provides offset voltage stability far exceeding 
the stability available with conventional metal-gate processes. 


NC —No internal connection 


AVAILABLE OPTIONS 


Vv 
. ae SMALL CHIP CERAMIC | PLASTIC 
A agoc | OUTLINE CARRIER DIP DIP 
(D) (FK) (JG) (P) 


o°C | 2mv{TLC271BCD}  — _ |TLC271BCJG/TLC271BCP 
to TLC271ACD | = — _ |TLC271ACJGITLC271ACP 


DEVICE FEATURES 
TYPICAL at Vpp = 5 V, Ta = 25°C 
ee BIAS-SELECT MODE 
| |_HIGH | MEDIUM | Low | ™" 


rp | 3375 | 526 | so | aw 
sr | 36 | 04 | 0.03 | vis _ 
va | 25 | 32 | 68 _| avi 
ea, | 17 | 08 | 0.09 | Mn 
avo [23 [170 | 480 | vimv | 


rorc [Tomv|tucz71cD_| _— _[Tuc271cuG fruc271cP | 
=a0°| _2mv[TLca71BID | __— | TLca71BWe [ruc271BIP | 
to [_smv|tico7aiD | | TLc271 AG [LC271AIP 
asec [iomv|ticz71D | [ric271uG_fric2711P 


-§5°C 
to 10 mV TLC271MFK | TLC271MJG 
125°C 


The D package is available in tape and reel. Add R suffix to the device type (e.g., 
TLC271BCDR) 


LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information ? Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to js, 

specifications per the terms of Texas Instruments Ti 

standard warranty. Production processing does not 
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description (continued) 


Using the bias select option, these cost-effective devices can be ‘‘programmed”’ to span a wide range 
of applications which previously required BiFET, NFET or bipolar technology. Three offset voltage grades 
are available (C-suffix and |-suffix types), ranging from the low-cost TLC271 (10 mV) to the TLC271B 
(2 mV) low-offset version. The extremely high input impedance and low bias currents, in conjunction with 
good common-mode rejection and supply voltage rejection, make these devices a good choice for new 
state-of-the-art designs as well as for upgrading existing designs. 


In general, many features associated with bipolar technology are available in LinCMOS™ operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC271. The devices also exhibit low-voltage single-supply operation, making them ideally suited 
for remote and inaccessible battery-powered applications. The common-mode input voltage range includes 
the negative rail. 


A wide range of packaging options is available, including small-outline and chip carrier versions for high- 
density system applications. 


The device inputs and output are designed to withstand —100-mA surge currents without sustaining 
latchup. 


The TLC271 incorporates internal ESD-protection circuits that prevent functional failures at voltages up 
to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling 
these devices as exposure to ESD may result in degradation of device parametric performance. 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125 °C. The I-suffix devices are characterized for operation from — 40°C to 85°C, and C-suffix devices 
are characterized for operation from O°C to 70°C. 


bias select feature 


The TLC271 offers a bias select feature that allows the user to select any one of three bias levels, depending 
on the level of performance desired. The trade-offs between bias levels involve AC performance and power 
dissipation (see Table 1). 


TABLE 1. EFFECT OF BIAS SELECTION ON PERFORMANCE 


TYPICAL PARAMETER VALUES 
Ta = 25°C, Vpp = 5V 


HIGH-BIAS MEDIUM-BIAS LOW-BIAS UNITS 
Ru = 10 ka Ri = 100 kQ RL = 1 Mo 


A SS Cae a el 
is ieee ee | ee | oe Pome | Vie 

"Vn Equivalent input noise voltage t= 1kHz ——~+[ 25. —«d| a S*dSS 8 —«id 
ay. opened ee eee ee 
oa Pomona OT pee age pee fe 
AyD Large-signal differential voltage amplification | 23 +| 170 | 480___| vimv_ 


bias selection 


Bias selection is achieved by connecting the bias select pin to one of three voltage levels (see Figure 1). 
For medium-bias applications, it is recommended that the bias select pin be connected to the mid-point 
between the supply rails. This proceduce is simple in split-supply applications, since this point is ground. 
In single-supply applications, the medium-bias mode will necessitate using a voltage divider as indicated 
in Figure 1. The use of large-value resistors in the voltage divider will reduce the current drain of the divider 
from the supply line. However, large-value resistors used in conjunction with a large-value capacitor will 
require significant time to charge up to the supply midpoint after the supply is switched on. A voltage 
other than the mid-point may be used if it is within the voltages specified in the following table. 
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bias selection (continued) 


Vpp 


Low 1 MQ 


MEDIUM 


BIAS MODE BIAS peer VOLTAGE 
(Single Supply) 


MEDIUM 1 V to Vpp-1V 


TO THE BIAS 
SELECT PIN 


Poe 
NO 


FIGURE 1. BIAS SELECTION FOR SINGLE-SUPPLY APPLICATIONS 


high-bias mode 


In the high-bias mode, the TLC271 series features low offset voltage drift, high input impedance, and low 
noise. Speed in this mode approaches that of BiFET devices, but at only a fraction of the power dissipation. 
Unity-gain bandwidth is typically greater than 1 MHz. 


medium-bias mode 


The TLC271 in the medium-bias mode features low offset voltage drift, high input impedance, and low 
noise. Speed in this mode is similar to general-purpose bipolar devices, but power dissipation is only a 
fraction of that consumed by bipolar devices. 
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low-bias mode 


In the low-bias mode, the TLC271 features low offset voltage drift, high input impedance, extremely low 
power consumption, and high differential voltage gain. 


ORDER OF CONTENTS 
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recommended operating conditions 
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electrical characteristics 
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operating characteristics low 
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equivalent schematic 


VpD 
Mice Se ee ae meade Cee La cee a a 3 + + 
P3 4 | | P12 
a : i} R6 = tin Oa oi ae 
poate (ps | ber | | 
ie P4 | P5 | P9B Kil | ees 
—t : | p11|> 
Ss | 
P41 P2 po I | tin 
IN - — | + 
R1 aia ¢ <7 rr | | LF P10 : 
a a oy HH —e—b—e | tr 
| | | je [jie [Te N11 
IN + } less J pnd pale her om a 
| ag fet To P6A Pe P7B 'P7A| P8 
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i E 4 i | — 
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HH NI 
& Sy |e | hits rt 
9 I Oe Lr igs | Bares (Ke, N7 
N1 N2 MrnMarerr ie 24 
vmer 8 +-—# 
ro) rt N4 | | IK 
=) R3; | D1 2 R4 D2 | RI | ie N13 
ey) | | | 
oy | | N10 
> =. —o —¢ —_o—_______#-@ + o ] 
| | 
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on 
@ 
= 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUTIN STE BIRG FEATS TAGGIN Ge ena Sk sss hein iting Goa 0G. 00th ace eens A 18 V 
EOPrOn Otitis driprese ANrEMOO [GOO Patel ce ie oes ne os top 8 a dst th Nias +VppD 
INDUl VOREGS TENOR, Vi (Oly Us oaks erase bo syne e in ee aces elk we 8 SS Serene -—0.3 V to Vpp 
Be i, Ra a, ee the eS a aera etre ie oe +5 mA 
RP NUAE MRE FOR as bgt) a. 5 + Kc 8 oR RE gia se ee Ae ONS aoe Sook ee EN GUE ae +30 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3).................... Unlimited 
CONTINUGUIG TOLAI GIRAMATION = uc cs Su se cette ce OOO STS. See Dissipation Rating Table 
Operating free-air temperature, TA: M-suffix...........0.. 0.00 eee ee ee eee —55°C to 125°C 
MAT farts a ete a om ate ee Ses — 40°C to 85°C 
EMG oh 6 Ging ae aca bw wha ROW aE 0°C:to 70°C 4 
Staraoe: COViIOrature (ANGE. <0 se hc oP ESS Vc re OR DN bs ha tea ee bees -65°C to 150°C 
Case temperature for 60 seconds: FK package...............ce eee ee eee ee eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Tag = 25°C POWER RATING POWER RATING POWER RATING 
D 725 mW 5.8 mW/°C 


PACKAGE 


FK 1375 mW 11 mW/°C 

JG (C-, l-suffix) 825 mW 6.6 mW/°C 
JG (M-suffix) 1050 mW 8.4 mW/°C 
P 1000 mW 8.0 mW/°C 
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recommended operating conditions 
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HIGH-BIAS MODE 


electrical characteristics at specified free-air temperature range (unless otherwise noted) 


Vpp = 5V Vpp = 10 V 
PARAMETER TEST CONDITIONS Tat .__ Vepsei ie UNIT 
___parameren | test-conomons | at | MIN TYP MAX | MIN TYP MAX 
Vo = 1.4 V, 
0 25°C nt 46 
Vic = OV, 
Vio Input offset voltage Re = 500 mV 
wks : Full range 12 12 
Ri = 10 kQ , 
Average temperature coefficient 
avio 2.2 
of input offset voltage 
Vo = Vpp/2 
ho Input offset current (see Note 4) o ed 
Vic = Vpp/2 


Vo = Vpp/2, 
Vic = Vpp/2 


Common-mode input voltage 
range (see Note 5) 


High-level output voltage 


2 


lip Input bias current (see Note 4) 


Vip = —100 mV, 


Low-level output voltage 
lol = 0 


sioyyduy jeuoneisdo 


Large-signal differential Ri = 10 kQ, 
voltage amplification See Note 6 


CMRR Common-mode rejection ratio Vic = Vicrmin 


Supply-voltage rejection ratio Vpop = 5Vto 10 V, 
(AVpp/AVio) Vo = 1.4V 


Ii(SEL) Input current to bias select pin | VisE_L) = O 
Vo = Vpp/2, 

IDD Supply current Vic = Vpp/2, 
No load 


KSVR 


TFull range is —55°C to 125°C. 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
6. At Vpp = 5 V, Vo = 0.25 V to 2 V; at Vpp = 10 V, Vo = 1 Vto6 V. 
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HIGH-BIAS MODE 


electrical characteristics at specified free-air temperature range (unless otherwise noted) 


| aoMap= EY Mba = 30.¥ 
PARAMETER UNIT 
TYP MAX TYP MAX 


TEST CONDITIONS 


25°C 


Vo = 1.4 V, Full range 
Vic = OV, 5°C as 
VIO Input offset voltage | TLC271Ai IC ee mV 
Rg = 600, ee ee 
Ry = 10 kQ 0.39 2 


TLC2718B! 


Average temperature coefficient 


S23 Dai 3 ee eo Ae 
pA 


26 1000 


of input offset voltage 


Input offset current (see Note 4) 


Input bias current (see Note 4) 


25°C 


Common-mode input voltage 


VICR 


range (see Note 5) 
Full range to to V 
3.5 8.5 


33 ae 
. Vip = 100 mV, 
VoH High-level output voltage gle POF cee S 7.8 8.5 Vv 
x ee See Be ae 
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Vip = —100 mV, 
_Low-level output voltage 
lol = 0 
Large-signal differential Ri = 10 kQ, 
voltage amplification See Note 6 e500 | 
asc | 35 19 
6580 ae ee 
CMRR Common-mode rejection ratio Vic = Vicrmin 60 81 60 87 
60 86 60 88 
Supply-voltage rejection ratio Vpp = 5 V to 10 Lest) 60 92 60 92 
Ii(SEL) Input current to bias select pin | ViseL) = 0 ef 2B8G {0 = 3 eM rg tee colt OB via arth epee 


Ipp — Supply current Vic = Vpp/2. 950 2200 1375 2500 


Vo = Vpp/2, 675 1600 950 2000 
pA 
No load 525 1200 725 1600 


TFull range is —40°C to 85°C. 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
6. At Vpp = 5 V, Vo = 0.25 V to2 V; at Vpp = 10 V, Vo = 1VtO6V. 
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TLC271C, TLC271AC, TLC271BC 
LinCMOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 


HIGH-BIAS MODE 


electrical characteristics at specified free-air temperature range (unless otherwise noted) 


sincuiitien . ne 2 eee ee 


7a Malai cis) SR AC 
Sa 
Rings) on Wy a 
TLC271AC 


SSS ee 
| Full range | Full range 
5°C ee Se 
TL¢271BC ee 
Average temperature coefficient 25°C to uV/°C 
of input offset voltage 70°C 


22 SS SSS: | Pee 
Vo = Vpp/2, — [_25°C | ERS Bees eee" eee 
Input offset current (see Note 4) ig pam 12 70°C 


= Vpp/2, 25°C a 7 
lip Input bias current (see Note 4) QD eee 
= Vpop/2 


a 2 
Full range 
aa 5 


ViO Input offset voltage 


Common-rmnode input voltage 
range (see Note 5) 


25°C | 32°38 
: Vip = 100 mV, 
High-level output voltage O°Cc SRR es 2" 
Ri = 10 kQ 
co eee aE a 
le RR a 
Vip = —100 mV, 
Low-level output voltage it ie 0°C eet! A 
aC el 6 
t ignal differential R 10 kQ = 2 a RS 1 
rge-sign = - 
that oiey . 0°C ‘Paes, VimV 


voltage amplification See Note 6 


CMRR Common-mode rejection ratio Vic = Vicrmin 0°C 


Supply-voltage rejection ratio 5 Vto 10 V, 


(AVpp/AVjo) 


VDD = 


I\(SEL) 'nput current to bias select pin 


Je PR Bag 
Wee 6 a oe 


25°C 675 1600 950 2000 


778 1800 
575 1300 750 1700 


Supply current 


IDD 


iar Py : 
alo 


No load 


TFull range is —O°C to 70°C. 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
6. At Vpp = 5 V, Vo = 0.25 V to2 V; at Vpp = 10 V, Vo = 1 Vto BV. 
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HIGH-BIAS MODE 


operating characteristics, VDp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX 


RL = 10 kQ, 
SR Slew rate at unity gain Ci = 20 pF, 


See Figure 98 


V Equivalent input noise volt Japa 
uivaient input noise voitage 
" q ’ See Figure 99 


Bom Maximum output swing bandwidth 


Vj = 10 mV, 


B Unity-gain bandwidth 
, og See Figure 100 


bm Phase margin 


operating characteristics, VDp = 10 V 


PARAMETER 


RL = 10 kQ, 
SR Slew rate at unity gain Cr 20 pF, 
See Figure 98 


V Equivalent input noi ltage aie bates 
uivalent input noise voita 
” ” : . See Figure 99 


Bom Maximum output swing bandwidth VO: OH 
RL = 10 kQ, 
10 mV, 


B Unity-gain bandwidth 
1 Lae See Figure 100 


om Phase margin 


eee ae 


22S ar Fhe 
Viens 28H 
Sec cr.  2 | 


IP 
Rg = 1009, 


; ogee | a. ae 
meres SS ER a 
oy Oo eee. gS 
P=perc | so ncua@ieg eu 
ee a 
PageG jo eed 
ol ee 


Vipp = 1V 


V/us 


f = By, 
See Figure 100 


TEST CONDITIONS MIN TYP MAX | UNIT 


ec ee 
Pere, at 


eect ae 
Vep=55v [-ssec] 61 


yee. ee 


Vipp- = 1V 


V/us 


IP 
Rs = 1009, 


CL = 20 pF, 
See Figure 98 


Pee OBRGs Po 's2 sua Q8Or dents 
125°C 
25° 
-§5° 
125° 
2 
—55°C 


Pac] eee 


f = By, 
See Figure 100 
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HIGH-BIAS MODE 


operating characteristics, Vpp = 5 V 


PARAMETER | = sTESTCONDITIONS =—sqYs3sT,q—si|s: MIN TYP) MAX | UNIT 


25°C 
RL = 10 kQ, VIPP = oneal 
L 
85° 
SR Slew rate at unity gain CL = 20 pF, aeuee ce V/ps 


Or? 1 RUS satis 
See Fi 98 
“pe Vipp = 5c ee: ae 
gn oe ers 
p28 fav | 


(ol ke) 


oO 


2 


: : , f = 1 kHz, = 100 2, 
Vn Equivalent input noise voltage See Figure 99 25°C 


Vo = VOH. Cy = 20 pF, 


B Maximum output swing bandwidth 
ee g : | RE #2 10:k9; See Figure 98 


P=50 


Vi; = 10 mV, 
See Figure 100 


By Unity-gain bandwidth 


io) 


Vi = 10 mV, f = By, 
CL = 20 pF, See Figure 100 


om Phase margin 


operating characteristics, VDp = 10 V 


PARAMETER 


ae See aa ee) 
RL = 10 ka, VIPP = 

r—e5ec | 

Slew rate at unity gain CL = 20 pF, 
See Figure 98 : 


TYP MAX | UNIT 


V/ps 


f = 1 kHz, Rs = 100 @, ne 
: Some Te ‘ 5°C nv/ 
n SUM SrOrIS ARPES SHORES oreene See Figure 99 [_2°e | 


BS Se ae 
gees eee ae ROO cia) °K 


-—40°C 
RL = 10 kQ, See Figure 98 atta 


sisipyduiy jeuoneisdgo 


oO 


SR 


i?) 


Bom Maximum output swing bandwidth 
y= 
-—40° 


oO 


Vj; = 10 mV, 
See Figure 100 


i?) 


By Unity-gain bandwidth 


a1O 


Vj; = 10 mV, f = By, 
Cy = 20 pF, See Figure 100 


om Phase margin 


oO 
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HIGH-BIAS MODE 


operating characteristics, VDp = 5 V 


PARAMETER TYP MAX | UNIT 


zs gg 
pes ee an 


Slew rate at unity gain Cy = 20 pF, 


See Figure 98 


Equivalent i i | ete & 
quivalent input noise voitage See Figure 99 


CL = 20 pF, 


Maximum output swing bandwidth 
R " See Figure 98 


: : ; Vj; = 10 mV, 
Unity-gain bandwidth ; 
See Figure 100 


Pe: Ie; a cB Capes 
Phase margin : et are | 
ae ip ovengarts pire keep 


operating characteristics, VDp = 10 V 


PARAMETER TEST CONDITIONS 


TYP MAX | UNIT 


ae cage 
ees 
See: ae 
— 
a a | ie 
ee 
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RL = 10 kQ, 
C. = 20 pF, 
See Figure 99 


SR Slew rate at unity gain 


f =*1 kHz, = 100 Q, 
Vn Equivalent input noise voltage : 40-G nV//Hz 
See Figure 99 
Vo = VOH. CL = 20 pF, kH 
R_ = 10 kQ, See Figure 98 


Bom Maximum output swing bandwidth 


Vj = 10 mV, 
See Figure 100 


By Unity-gain bandwidth 


f = By, 


Phase margin 
7 See Figure 100 


Hee aoe 
ee A 
(aie See 
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)t 


DISTRIBUTION OF TLC271 DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 


753 Amplifiers tested from 6 wafer lots 
Vop =10V 

T A= 25°C 

P Package 


753 Amplifiers tested from 6 wafer lots 
| | 

Vop 25V 

T A= 25°C 

P Package 


2 


Percentage of Units —- % 
Percentage of Units — % 


-5 -4 -3 -2 -1 0 1 Ze - 4 ..§ 


siayyduy jeuoneisdo 


Vio — Input Offset Voltage — mV ; Vio — Input Offset Voltage —- mV 
FIGURE 2 FIGURE 3 
DISTRIBUTION OF TLC271 DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT 
60 
324 Amplifiers tested from 8 wafer lots 324 Amplifiers tested from 8 wafer lots 
Vpp =5V Vpp = 10V | 
Ta = 25°C to 125°C 505 T A = 25°C to 125°C 
2 P Package zm P Package 
| Outliers: is - Outliers: 
2 (1) 20.5 pv/°c 2 (1) 21.2 pwc 
S & 
= =| 
; 7 
D 
$ 
Cc 
8 S 20 
a a 
10 
0 eens 2 Sa 0 a a nee 
-10-8 -6 -4-2 0 2 4 6 8 10 -10-8 -6 -4 -2 0 2 4 6 8 10 
ayiO —Temperature Coefficient — .V/°C ayio —Temperature Coefficient — .V/°C 
FIGURE 4 FIGURE 5 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)t 


HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


Von — High-Level Output Voltage — V 
Vou — High-Level Output Voltage — V 


Operational Amplifiers Bp) 


0 -10 -— 20 - 30 — 40 
lou — High-Level Output Current - mA lon — High-Level Output Current - mA 
FIGURE 6 FIGURE 7 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
Vpp — 1.6 
=-5mA 
‘ a Vpp — 1.7 = 100 mV 
1 1 
® 8 Vpp — 1.8 
i) CS) 
= > Vpp - 1.9 
| co ] 
& = 
6 6 Vpp — 2.0 
.) G 
5 3 
4 — Vpp - 2.1 
£ <£ 
» 2 
3 " Vpp — 2.2 
£ = 
= SS Vpp — 2.3 
Vpp — 2.4 
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 $75 100 125 
Vop — Supply Voltage — V T a” Free-Air Temperature — °C 
FIGURE 8 FIGURE 9 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLO271, TLC271A, TLC271B 


LinCMOS™ PROGRAMMABLE LOW-POWER 


OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)t 


LOW-LEVEL OUTPUT VOLTAGE 
vs 


COMMON-MODE INPUT VOLTAGE 


Me ee | 


Vv OL~ Low-Level Output Voltage — mV 


Vic — Common-Mode Input Voltage — V 
FIGURE 10 


siayduy jeuoneisdg BS 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
DIFFERENTIAL INPUT VOLTAGE 


OL~ Low-Level Output Voltage — mV 


Vip — Differential Input Voltage — V 
FIGURE 12 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
COMMON-MODE INPUT VOLTAGE 


450 


X | 
XK 
| CSS. 


0 2 6 8 10 
Vic ~ Sinisa Input Voltage — V 


FIGURE 11 


Vv OL” Low-Level Output Voltage — mV 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


are Low-Level Output Voltage — mV 


0 
-75 -50 -25 0 25 50 75 100 125 
FE ep Free-Air Temperature — °C 


FIGURE 13 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)? 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 


vs vs 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


A yi tees 
Ke. See 

S 
Bo. i 
: 3 2 
e : 
6 2 6 1. 
g g 
i 4 
fe ‘a 
3” Bo. 


Operational Amplifiers a 


0 5 10 15 20 25 30 
lo — Low-Level Output Current - mA lot — Low-Level Output Current - mA 
FIGURE 14 FIGURE 15 
LARGE-SIGNAL LARGE-SIGN 
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE ARIPLIFICATION 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Avy — Differential Voltage Amplification — V/mV 
Avp — Differential Voltage Amplification — V/mV 


0 
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 ao: hMSCs 1 
Vop — Supply Voltage — V T An Free-Air Temperature — °C 
FIGURE 16 FIGURE 17 


tT Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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-TLE271, TLC271A, TLC271B 
LinCMOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)t 


INPUT BIAS CURRENT AND COMMON-MODE INPUT VOLTAGE 
INPUT OFFSET CURRENT POSITIVE LIMIT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
WiGe ey ee ee > 
BASS 7 ce Ue RO NM ‘ 
e ———— 2 
25 s 
: - 
5 100 SS SS Se SS SS SS SSS SS SS SS a 
s 3 : 
@ o = 
“= = 10 SHS ES SLES SS. SS SS SSS SSS SS SS c 
Qo) z SS Sees eS SS SSS SS SSS SS = 
o> oO 
car fe) 8 
© _ 
~ 1 SS Eee DO SESS Eee oS OSES eee eS eee i 
BSS ae) Meee Een Se ee es re 2 
> RH Be! 
5 Pe 67a TI 
= 25 45 65 85 105 125 
= T s~ Free-Air Temperature — °C Vpp — Supply Voltage - V 
oO FIGURE 18 FIGURE 19 
=] 
” 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


lop — Supply Current -mA 
— Supply Current -mA 


4 -75 -50 -25 0 258 SO 75 100 125 
Vop — Supply Voltage — V : ” Free-Air Temperature — °C 
FIGURE 20 FIGURE 21 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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TLC271, TLC271A, TLC271B 
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)t 


SLEW RATE SLEW RATE 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Operational Amplifiers bes 


@ E! 
S > 
I 1 
£ 2 
e es 
: é 
e ‘ 
f & 
0 
0 2 4 6 S. 210 -12.. 44° - 16 -75 -50 -25 0 25 50 75 100 125 
Vop — Supply Voltage — V 1 An Free-Air Temperature — °C 
FIGURE 22 FIGURE 23 
BIAS SELECT CURRENT HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE FREQUENCY 


8 ea ial 


Bias Select Current — pA 
Vou — Output Voltage — V 
a 


Vop — Supply Voltage — V = mene iy 
FIGURE 24 FIGURE 25 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLO271, TLO271A, TLO271B 
. ~ LinCMOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)t 


UNITY-GAIN BANDWIDTH UNDITY-GAIN BANDWIDTH 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


V, = 10 mV 
C, =20 pF 


Vop =5V 
Vi = 10 mV 
C. = 20 pF 
See Figure 100 


Ta = 25°C 
See Figure 100 


B,— Unity-Gain Bandwidth — MHz 
B,— Unity-Gain Bandwidth — MHz 


sioyyduy jeuonjeisdg BW 


T rN Free-Air Temperature — °C Vop — Supply Voltage — V 
FIGURE 26 FIGURE 27 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT AMPLIFICATION: AND PHASE SHIFT 
vs vs 
FREQUENCY FREQUENCY 


Phase Shift 


90° 
Phase Shift ben 
120° 


Sroce v4 
| 180° 


Avp — Differential Voltage Amplification 


0.1 ; 
10 100 1k 10k 100k 1M 10M 10 100 10k 100k 1M 10M 
f — Frequency — Hz ti asa od Hz 
FIGURE 28 FIGURE 29 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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? m— Phase Margin — degrees 


@ mo Phase Margin — degrees 


TLO271, TLC271A, TLO271B 
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)? 


PHASE MARGIN 
vs 
SUPPLY VOLTAGE 


ai ei a 
Lhe ase 
ME nae 
ae) anil lay seme 
ee ie 
et) ee 


un = 25°C 
See Figure 100 


53 


51 


49 


0 2 4 6 8 10-—-- 42.--14..- -16 
Vop — Supply Voltage — V 


FIGURE 30 


PHASE MARGIN 
vs 
CAPACITIVE LOAD 


C, — Capacitive Load — pF 
FIGURE 32 


a Phase Margin — degrees 


Vn— Equivalent Input Noise Voltage — nV/ VHz 


PHASE MARGIN 
vs 
FREE-AIR TEMPERATURE 


Vv. 25 V 


DD 


Vi = 10 mV 
C. = 20 pF 
See Figure 100 


40 
-75 -50 -25 0 25-50 - 275 
T Pee Free-Air Temperature — °C 


FIGURE 31 


100 125 


EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 


NTT TT aga 
Ave meim| 
on HEA 


CUTING ML LUT 
CUTIE ATT 


S 


Vpp = 9 V 


Rg = 1002 


ao 
i=] 
So 


E 


s 


TT 
LUI LAM Pri 
1 100 1000 
De jas EIR Hz 
FIGURE 33 © 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLO271M 
LinCMOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 


MEDIUM-BIAS MODE 


electrical characteristics at specified free-air temperature range (unless otherwise noted) 


MIN TYP MAX 


Cc 
< 
=f 


Vo = 1.4 V, 
Vic = OV, 
Rs = 502, 
RL = 100 kQ 


Average temperature coefficient 
“vio of input offset voltage 
Vo = Vpp/2, 5 as See | 
lio Input offset current (see Note 4) - a3 Be 
Vic = Vop/2 iste | a, 1 : 
Vo 
IB 


= Vpp/2, Tl ar eee 9 . 
| Input bias current (see Note 4) wed L_ 268 
Vic = Vpp/2 amc | ae See 


0 -0.3 


VIO Input offset voltage 


2 


4 
< 
3 
< 


— 
co 
oe 
oa 
3|0 
bi > 


°o 
~“ 
5) 

> 


Common-mode input voltage 
range (see Note 5) 


Vip = 100 mV, 
R_ = 100 kQ 


= 
co | @ 


High-level output voltage 


~ 
al ted 
ood Re.) 


Vip = —100 mV, 


Low-level output voitage 
lol = 0 


LS) 
oa 
Nh 
oO 


Large-signal differential Ri = 100 kQ, 


< 


voltage amplification See Note 6 


CMRR Common-mode rejection ratio Vic = Vicrmin 


192] 
oO 
© 
Ww 


~ 
oO 
© 
Ww 


Supply-voltage rejection ratio Vpp = 5 Vto 10 V, 
(AVpp/AVio) Vo = 1.4V 


I(SEL) !nput current to bias select pin | VijseL) = Vpp/2 
Vo = Vpp/2, 

Ipp Supply current Vic = Vpp/2, 
No load 


o 
oO 
© 


= 
> 


tFull range is —55°C to 125°C. 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
6. At Vpp = 5 V, Vo = 0.25 V to 2 V; at Vpp = 10 V, Vo = 1 Vto BV. 
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TLC2711, TLC271Al, TLC271B1 
LinCMOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 


MEDIUM-BIAS MODE 


electrical characteristics at specified free-air temperature range (unless otherwise noted) 


Vpp = 10 V 
PARAMETER TEST CONDITIONS — ee oe DD er re 
wasdies Sh; OS ea 
Vo = 1.4V, RRS SS 
Vv Input offeet voltage-|TLC271A1 | “'C = 9 Vs SR RES RS be 
ae : Rg - 509, 
RL = 100 ko eee BOY 
sa a i PERNT 72 
Average temperature coefficient 25°C to 
aviO _ 1.7 
of input offset voltage 85°C 
nome Oot eee ha oe | er 
| | t offset ent (see Note 4 
10 baa ern in = Veigid 24 1000 26 1000 
Vo = Vpp/2, RAG STS ESE AER oleae 
iB Input bias current (see Note 4) : = 
Vic = Vpp/2 200 2000 220 2000 
25°C 
Vv Common-mode input voltage : : 
ICR range (see Note 5) -0.2 -0.2 
to to V 
3.5 8.5 
Meet a2 ier fs ae 
Vip = 100 mv, 
High-level output voltage ID et 2 ee ee OR 7.8 8.7 V 
or) er a a 28 eg 
RE Sess SR ES 
PE EE BR 
Low-level output voltage eas os oe 
aa | 85°C | 
ee Oe eee 
Po BOSE. 25 275 
Large-signal differential RL = 100 kQ, hl cee VimV 
voltage amplification See Note 6 AS eae ee 
2 es. ee 
CMRR Common-mode rejection ratio Vic = VicrRmin 60 90 np GOiat e OP gina 
60 90 60 94 
ee a 70. 93 1.38 
ee ter ns. ee et Ole Oot BO ee 
(AVpp/AVIoC) Vo = 1.4 V > 
60 94 60 94 


TijSeL) Input current to bias select pin |Vigey) = Vop2 | 26° | 130 


Vo = Vpp/2, 
Vic = Vpp/2. 
No load 


IDD Supply current 


= 
cy 


TFull range is —40°C to 85°C. 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
6. At Vpp = 5 V, Vo = 0.25 V to 2 V; at Vpp = 10 V, Vg = 1Vto 6 V. 
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TLC271C, TLO271AC, TLC271BC 


-LinCMOS™ PROGRAMMABLE LOW-PCWER 


OPERATIONAL AMPLIFIERS 


MEDIUM-BIAS MODE 


electrical characteristics at specified free-air temperature range (unless otherwise noted) 


| | Vpp =5V =| Vpp = 10V 
PARAMETER T ITIONS | Tat se 
EST CONDITIONS MIN. TYP MAX | MIN TYP MAX 


° 
bike 
25° 0.9 5 
ruca71Ac 


F 6.5 
oe SRE, ee 8 OR a 
TLC2718C Reco 


Average temperature coefficient | 25°C to 
avio ) be pV 
of input offset voltage 7 


Vo = Vop?2 Bate joan ONS ete 
lo Input offset current (see Note 4) 9 RO 

Vic = Vpp/2 70° 7 300 7 300 

Vo = Vopi2 ‘Tak Se eee | See ee 


Vic = Vop/2 


VIO Input offset voltage mV 


oO 
° 
oO 


lip Input bias current (see Note 4) 


Common-mode input voltage 
range (see Note 5) 


High-level output voltage 


Low-level output voitage 


Large-signal differential 


RL = 100 kQ, 


voltage amplification See Note 6 Ue 200 V/mV 
70°C 13 140 15 230 
7s ST Ea Se a 
CMRR Common-mode rejection ratio Vic = Vicrmin OO = 590i vila 60 94 dB 
(ae eae RR aS 2 


~ 
o 
ice) 
Ww 
sS 
2) 
ice] 
Ww 


Supply-voltage rejection ratio Vpp = 5Vto 10 V, 
(AVpp/AVjio) Vo = 1.4 V 


I(SEL) 'nput current to bias select pin 


60 92 60 92 
60 9 60 94 


kSVR 


105 280 143 300 
IDD Supply current 125 320 173 400 A 
No load 70° 85 220 110 280 


N 
on 
° 
| 
w 
oO|+ 
| 
ro) 
2) 
~ 
> 


TFull range is O°C to 70°C. 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
6. At Vpp = 5 V, Vo = 0.25 V to 2 V; at Vpp = 10 V, Vo = 1 V to 6 V. 
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operating characteristics, Vpp = 5 V 


PARAMETER TEST CONDITIONS Ta MIN TYP MAX | UNIT 


0.43 
ees Viep=1v [sec] 054 | 
. | 125°C 
SR Slew rate at unity gain CL = 20 pF, V/us 


ete 
Vip = 2.5v [=85°C| 0.50 
ape | ae 

Ss 


f= $-krz; Rs = 1002, 
Vn Equivalent input noise voltage 25°C nV/./Az 
See Figure 99 


a) cs Bae See 
: Vo = VOH. Ci = 20 pf, 
Bom M tput swing bendwidth =ssec [80 | 
OM aximum output swing nawi Rp = 100 kQ, San Figure 98 z 
25°C 
Vj = 10 mV, 
Bi __Unity-gain bandwidth Beige [=ssec [850 | ke 
setediem 125%¢ 
— he se Ls 
: = = By, 
Ph 55°C 
?m pines eo See Figure 100 en oe 
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Ri = 100 kQ, 
SR Slew rate at unity gain Cy = 20 pF, 
See Figure 98 


f = 1 kHz, 


V Equivalent input noise voltage 
i j : - See Figure 99 


B Maxi iput swing baw Oe oi Seer 
aximum output swi wi 
OM P 9 Ri See Figure 98 
B Unity-gain bandwidth ee re 
- n naw 
: a eae ae See Figure 100 
f = By, 


Ph i 
%m see ee See Figure 100 


Texas ae 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


2 


sioiyduiy jeuoieisdo 


TLO2711, TLO271Al, TLC271Bi 
LinCMOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 


MEDIUM-BIAS MODE 


operating characteristics, VDp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
ape eas 
tt ee = eS 


R_ = 100 kQ, 
ae ae 
SR Slew rate at unity gain Ch = 20 pF, [sea V/ps 
See Figure 98 3 
vine 
Be. Dk 
= 1:kH = 100 Q, 
Equivalent input noise voltage 25°C nV//Hz 
As Figure 99 


See 
kee 
Seo ae 
eS De 
kee 


Vo = VOH: CL = 20 pF, 
RL = 100 kQ, See Figure 98 


Bom Maximum output swing bandwidth 


Vi = 10 mV, 
See Figure 100 


By Unity-gain bandwidth 


om Phase margin 


RL = 100 kQ, 
Ci = 20 pF, 
See Figure 98 


Vipp = 1V 
eee oy ve 
Vep = 68V | -40% | aro. | 
2s Se 


IP 


n= 108 sa rows = 
el ee 
-—40°C 880 


SR Slew rate at unity gain 


f-= t:kHz; 


V Equivalent input noise voltage 
: i ‘ - See Figure 99 


B Maxi tput swing bandwidth 
OM aximum output swing wi R_ = 100 ka, See Figure 98 


Vi = 10 mV, 
See Figure 100 


By Unity-gain bandwidth 


Vj = 10 mV, f = Bt, 


Ph i 
ase margin CL = 20 pF, See Figure 100 


om 
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operating characteristics, VDp = 5 V 


PARAMETER =. FEST CONDITIONS. 2) CONDITIONS 


Ri = 100 kQ, 
Cy = 20 pF, 
See Figure 98 


SR Slew rate at unity gain 


f = 1 kHz, 
See Figure 99 


NO 


Vn Equivalent input noise voltage 


Vo = VOH, CL = 20 pF, 
RL = 100 kQ, See Figure 98 


Bom Maximum output swing bandwidth 


10 mV, 


B 
' See Figure 100 


Unity-gain bandwidth 


Vj; = 10 mV, f = By, 
Ci = 20 pF, See Figure 100 


Phase margin 


Operational Amplifiers 


R_ = 100 kQ, 
SR Slew rate at unity gain CL = 20 pF, 
See Figure 98 


f = 1 kHz, 


V Equivalent input noise voltage 
i 7 ‘ “ See Figure 99 


Cy = 20 pF, 
See Figure 98 


Bom Maximum output swing bandwidth 


B Unity-gain bandwidth Me™ 
nity-gain Danawi 
' “3 See Figure 100 
f = By, 


Phase margin 
®m yates See Figure 100 
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Percentage of Units —- % 


Percentage of Units —- % 


TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)t 


DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 


612 Amplifiers tested from 4 wafer lots 
Vop =5V 
T A= 25°C 
P Package 


-5 -4 -3 -2-1 0 1 , oo So 
Vio — Input Offset Voltage — mV 


FIGURE 34 


DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT 


224 Amplifiers tested from 6 wafer lots 
Vop =5V 

v A= 25°C to 125°C 

P Package 

Outliers: 


(1) 33.0 pv/°C 


-10-8 -6 -4-2 0 2 4 6 8 10 
“VIO — Temperature Coefficient — n.V/°C 


FIGURE 36 


Percentage of Units — % 


Percentage of Units -% 


DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 


612 Amplifiers tested from 4 wafer lots 
Vop =10V 

5 A= 25°C 

P Package 


af -§--—4 2---3 
Vio — Input Offset Voliage — mV 


FIGURE 35 


DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT 


224 Amplifiers tested from 6 wafer lots 
Vpp = 10V | 

T A= 25°C to 125°C 

P Package 

Outliers: 

(1) 34.6 pV/°C 


-10-8 -6 -4-2 0 2 4 6 8 10 
ayiO — Temperature Coefficient — ,V/°C 
FIGURE 37 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLO271, TLO271A, TLO271B 
LinCMOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 


Vou — High-Level Output Voltage — V 


— High-Level Output Voltage — V 


Vou 


TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)t 


HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 


VS vs 
HIGH-LEVEL OUTPUT CURRENT 


HIGH-LEVEL OUTPUT CURRENT 


ID = 100 mV 


T, =25 


Vou — High-Level Output Voltage — V 


-2 -4 -6 -8 -—10 0 -10 — 20 - 30 - 40 
lou — High-Level Output Current -mA lon — High-Level Output Current - mA 
FIGURE 38 FIGURE 39 
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HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
Vpp — 1.6 
Vip = 100 mV | 


OH=~>MA 
R, = 100 kQ 


Vpp - 1.7 TEES: Vip = 100 mV - 


Vop — 1.8 


Vpp - 1.9 


Vpp — 2.0 


Vpp — 2.1 


Vpp — 2.2 


VoH — High-Level Output Voltage — V 


Vpp — 2.3 


Vpop — 2.4 
2 4 6 8 ay Se; oa 28 -75 -50 -25 0 25 50 75 100 125 


Vop — Supply Voltage — V 7 = Free-Air Temperature — °C 
FIGURE 40 FIGURE 41 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)t 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE 


700 500 


> > 
E E 450 
4 600 @ 
2 $ i 
S i) 
> 5 bei BOIS eae ip Sb > 400 
5 ID =- 100 mV 3 
5 500 : 5 
© Y 
O 9 2 350 
o & 8 
3 5 : 
et = 400; — 7 300 
‘e) 4 1 
.¢ 2 
> 300 250 
2 Vic ~ Common-Mode input Voltage ~ V Vic — Common-Mode input Voitage — V 
oe FIGURE 42 FIGURE 43 
OD 
PP LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 
800 ; 900 


OL” Low-Level Output Voltage —- mV 
OL” Low-Level Output Voltage — mV 
ou 
o 
o 


V 

— 
° 
—) 
V 

—_ 
° 
° 


0 . 0 
0 -2 -4 -6 -8 - 10 -75 -50 -25 0 25 .50 75: 100 125 
Vip — Differential Input Voltage — V T a Free-Air Temperature — °C 
FIGURE 44 FIGURE 45 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)t 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 


vs vs 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


> > 
| | 
rt) ® 
to)] 
8 8 
Ss Ss 
A a 
s 5 
6 6 
3 3 
> > 
§ § 
3 & 
S 3 
I 
e032 I 
3 a 


Operational Amplifiers a 


lot — Low-Level Output Current— mA lot — Low-Level Output Current - mA 
FIGURE 46 FIGURE 47 
LARGE-SIGNAL LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 

a Ne | 
450 Re = 100 kQ — 


500 
i ia - 
E pes E 
> > 
:. es as | 
1 400 a= - 400 
s wo ee 
= ee | x 
a ea eS ae 
SEeUeea=.. ae 
250 ae © 250 
- ca | 3 
= 150 = 150 
& © 
Be | ioe BS : 
£ 100 = 100 
ne Sage te am 
we oe 
> > 
< 9 < 0 
0 2 4 6 8 10 12 14 16 -75 -50 -—25 0 25 50 % 100 125 
Vop — Supply Voltage — V T “ue Free-Air Temperature — °C 
FIGURE 48 FIGURE 49 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)t 


INPUT BIAS CURRENT AND INPUT COMMON-MODE INPUT. VOLTAGE 
OFFSET CURRENT POSITIVE LIMIT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
0 ———————_———=_—_—__=_=_=____=_—s 
Vpp = 10 V 
Vic = 5V > 
| Sana See Note 4 © 
y) < ———— 8 
o 
o - 
Oo 3 9 
eo) 8 
g = 19 c 
om © £ 
ress fea 
o - 8 
= i Pr ee a ge i 
ie ——— 2) 
> 
> SSE] 
= 0.1 oe ae 
so} 25 45 65 85 105 125 0 2 a 6 8 10 12 14 16 
= T — Free-Air Temperature — °C Vpp — Supply Voltage — V 
oy FIGURE 50 FIGURE 51 
= 
47) 
SUPPLY CURRENT SUPPLY CURRENT 
vs Vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vo = Vop/ 2 
No load 


lop — Supply Current -yA 
lop — Supply Current -yA 


0 
0 2 4 6 8 O- 12 16 -75 -50 -25 0 25 50 $75 100 125 
Vop — Supply Voltage — V T .* Free-Air Temperature — °C 
FIGURE 52 FIGURE 53 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
NOTE 4: The typical values of input bias current and input offset current and input offset current below 5 pA were determined mathematically. 
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SLEW RATE SLEW RATE 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


SR — Slew Rate - V/s 
SR — Slew Rate — V/s 


0.2 
-75 -50 -25 0 25 50 75 100 125 


Operational Amplifiers ~ 


Bias Select Current — nA 


Vop — Supply Voltage — V T a> Free-Air Temperature — °C 
FIGURE 54 FIGURE 55 
BIAS SELECT CURRENT HIGH-LEVEL OUTPUT VOLTAGE 
SUPPLY VOLTAGE eearcucy 
10 
aE LU | 
Vi(SEL) =1/2 Vop ne ee 
8 
ee 
& 
25.3 
S 
s 5 
% 
a aero venn ene Var Ye 
Fs : 
- P R, = 100 kQ | 
calor a Hh a 
EE Si 
Vop — Supply Voltage - V re eaiaaait ie — 
FIGURE 56 FIGURE 57 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)t 


UNITY-GAIN BANDWIDTH 


vs 
FREE-AIR TEMPERATURE 


Vop 


Vi =10 mV 
C, = 20 pF 
See Figure 100 


B,— Unity-Gain Bandwidth — kHz 


-75 -50 -25 0 25 50 © 75 
T i Free-Air Temperature — °C 
FIGURE 58 


siayydwy jeuonessdCg HS) 


vs 
FREQUENCY 


Avp — Differential Voltage Amplification 


=5V 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


UNITY-GAIN BANDWIDTH 
vs 
SUPPLY VOLTAGE 


Vi =10 mV 
C, = 20 pF 
Ta = 25°C 


See Figure 100 


B,— Unity-Gain Bandwidth — kHz 


0 2 4 6 8 10 12 14 16 
Vop —- Supply Voitage — V 


FIGURE 59 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


vs 
FREQUENCY 


1 10 100 1k 10k 100k 100 1k 10k 100k 1M 
f — Frequency — Hz f — Frequency — Hz 
FIGURE 60 FIGURE 61 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)T 


PHASE MARGIN PHASE MARGIN 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


| | 
Vv, = 10 mV 


C, = 20 pF 


Ta = 25°C 
See Figure 100 


2 


? ,— Phase Margin - degrees 
? m— Phase Margin — degrees 


Operational Amplifiers 


35 
0 2 4 6 8 GO le 4 16 -75 -50 -25 90 25. 30 75 100 125 
Vop — Supply Voltage — V T x" Free-Air Temperature — °C 
FIGURE 62 FIGURE 63 
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE 
vs > vs 
CAPACITIVE LOAD FREQUENCY 


| Denes 
Ro = 100 0 
¥ A= 25°C 
See Figure 99 


Vop =5V 
Vi =10mV 
Th = 25°C 
See Figure 100 


(it Phase Margin — degrees 


10 100 1000 


Cc. — Capacitive Load — pF f — Frequency — Hz 
FIGURE 64 FIGURE 65 


tT Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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LOW-BIAS MODE 


electrical characteristics at specified free-air temperature range (unless otherwise noted) 


TEST CONDITIONS 


PARAMETER 


Vio 


Average temperature coefficient 
Q 
VIO of input offset voltage 
10 
B 


Vo = 1.4 V, 
Vic = OV, 

Rs = 502, 

RL 


Input offset voltage 


2 


Vo = Vpp/2. 


| Input offset current (see Note 4) 
th Input bias current (see Note 4) 


Common-mode input voitage 


Vic = Vpp/2 
Vo = Vpp/2, 
Vic = Vpp/2 


range (see Note 5) 


High-level output voltage 


Low-level output voltage 


suaiyduiy jeuoijeisdo 


Large-signal differential Ru~= 1 MQ, 


voltage amplification See Note 6 


Common-mode rejection ratio Vic = Vicrmin 


Supply-voltage rejection ratio 


(AVpp/AVIoC) Vo = 1.4V 


Input current to bias select pin 
Vo = Vpp/2, 
Supply current Vic = Vpp/2. 


No load 


TFull range is —55°C to 125°C. 


2 


Vpp = 5V to 10 V 


Vi(seL) = VoD 


Vpp = 5V 


Vpp = 10 V 


MIN TYP MAX pee 


Ei 


Tat 
~ 


1 
25°C to 
1.4 
125°C 
On 
9 
@) 


—_ 


> 


ie A ES 
125°C 


-0.3 0 


1.4 


> 


shee | 
O|~N 
W 
o 
=) 


< 


=O:3 


25°C to 


ad 
N 


ee) 
oO 


8 


7 


Par leone RN 
iS ae ee 
, 1abeC 3 ae 
is oe 
oe ee 
es Re 4 


f 


34 

=f 

cae 

[=s5°c| 25 1000 

33 ar aT 

co 
7 

Saunas Lew 4 

10 

7 


1000 1775 


8.9 
8 8.8 
8 9 
50 870 

25 
65 97 
60 97 
70 97 
6097 
60 98 
28 


3.5 

3-2 4 
x 4 
3 4 

50 52 

25 

25 20 

60 8 

70 9 

60 9 

60 9 


> 


i 
co 


N 


NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 


5. This range also applies to each input individually. 


6. AtVpp = 8 V, Vo = 0.25 V to 2 V; at Vpp = 10 VV, Vo = 1V to BV. 
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electrical characteristics at specified free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS | Tat 28s Ypp.>¥ UNIT 
MIN TYP MAX | MIN. TYP MAX 


Vio 


0.24 2 0.26 2 


pA 
26 1000 


0.7 


Average temperature coefficient 


ovlo of input offset voltage 


= Vpp/2, 
= Vpp/2 ; 24 100 
Vo = Vpp/2, 
= Vpp/2 200 2000 


lo 


iB 


Operational Amplifiers 


Common-mode input voltage 
range (see Note 5) 


High-level output voltage 


Vip = —100 mV, 


Low-level output voltage 
lol = 0 


Large-signal differential RL = 1 MQ, 
voltage amplification See Note 6 


CMRR Common-mode rejection ratio Vic = Vicrmin 


ce) 
~ 


Supply-voltage rejection ratio Vpop = 5Vto 10 V 
(AVpp/AVIo) Vo = 1.4V 


oO} 0 
food i 


Vo = Vpp/2, 
IDD Supply current Vic = Vpp/2, 
No load 


TFull range is —40°C to 85°C. 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
6. At Vpp = 5 V, Vo = 0.25 V to 2 V; at Vpp = 10 V, Vo = 1 V to 6 V. 
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LOW-BIAS MODE 


electrical characteristics at specified free-air temperature range (unless otherwise noted) 


TYP MAX me 


Vio Input offset voltage | TLC271AC 
TLC271BC 


2 


Average temperature coefficient 


Qa 
VIO of input offset voltage 


pV/°C 
Vo = Vpp/2, 
lio Input offset current (see Note 4) 0 PL 
V Vpp/2 


= Vpp/2. 
Input bias current (see Note 4) 
= Vpp/2 


Common-mode input voltage 
range (see Note 5) 


High-level output voltage 


Siaipyduiy jeuoneissdg 


Vip = —100 mv, 
lol = O 


Large-signal differential Ri = 1 MQ, VimV 
m 
voltage amplification See Note 6 


CMRR Common-mode rejection ratio Vic = Vicrmin 


Low-level output voltage 


Supply-voltage rejection ratio Vpp = 5Vto 10 V, 
(AVpp/AVio) Vo = 


(SEL) Input current to bias select pin | ViiseL) = VoD So A RC 
Vo = Vopi2. 1017 

IDbD Supply current Vic = Vpp/2, 12 21 18 = pA 
No load Bal: CR SRA. Gare er 


KSVR 


TFull range is O°C to 70°C. 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
6. At Vpp = 5 V, Vo = 0.25 V to2 V; at Vpp = 10 V, Vo = 1 VtO BV. 
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operating characteristics, VDD = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


0.03 
0.04 
RL = 1 MQ, 
| 125°C 
SR Slew rate at unity gain Ci = 20 pF, V/us 
See Figure 98 : 
Vipp = 2.5V 
~) 


V Equivalent input noi olta ¥ maleiee ng = tO 
uivalent input noise v e 
. i ‘i a See Figure 99 


5? 


@) 


Operational Amplifiers By 


0.02 


nV//Hz 
kHz 
3 


CL = 20 pF, 


B Maximum output swing bandwidth 
OM é a See Figure 98 


B Unity-gain bandwidth a1 Sey: 
nity-gai wi 
' = See Figure 100 

f = By, 


Phase margin 
%m a See Figure 100 


Ni Nb 
ao; o 
° ° 
GQLOPOwy 1D OTe peat: © 


operating characteristics, VDp = 10 V 


PARAMETER TEST CONDITIONS Ta M 


2a" 
RL 53 ee i 
SR Slew rate at unity gain CL = 20 pF, LE. 
See Figure 98 
Vipp = 5.5 V -5o* 
wee ay 125° 


f = 1 kHz, Rs = 1009, 
See Figure 99 


N 

or; o1 

o}| o 
OALALTOTOTO 


Vn Equivalent input noise voltage 


8 Maxi tput swing bandwidth SL ae Re: 
aximum output SwIin anawi 
OM asin “ See Figure 98 
B Unity-gain bandwidth VOstay, 
ity- | | 
1 ill See Figure 100 
f = By, 


Ph 
roast See Figure 100 
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TLC2711, TLC271Al, TLC271BI 
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OPERATIONAL AMPLIFIERS ~ 


LOW-BIAS MODE 


operating characteristics, VDp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


25°C | 0.03 
Vipp = 1V 0.04 
85°C 
V/us 


RL = 1 MQ, 
Ci = 20 pF, 
See Figure 98 


SR Slew rate at unity gain 


f = 1 kHz, 
See Figure 99 


Vn Equivalent input noise voltage 


Vo = VOH, CL 20 pF, 
Ry = 1 MQ, See Figure 98 


Bom Maximum output swing bandwidth 


Vj = 10 mV, 
See Figure 100 


By Unity-gain bandwidth 


f = By, 


Phase margin 
%m sete See Figure 100 


operating characteristics, Vpp = 10 V 


PARAMETER TYP MAX | UNIT 


0.05 


RL = 1 MQ, 
SR Slew rate at unity gain Cy = 20 pF, 
See Figure 98 


f = 1 kHz, 


V Equivalent input noise voltage 
a 4 ‘ o See Figure 99 


20 pF, 
B Maximum output swing bandwidth 
OM sriabi site ns See Figure 98 
Vj = 10 mV, 
See Figure 100 


By Unity-gain bandwidth 


f = By, 


Phase margin 
<i See Figure 100 
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LOW-BIAS MODE 


operating characteristics, VDp = 5 V 


PARAMETER TEST CONDITIONS | Ta | MIN TYP MAX | UNIT 


TA 
Cc 

0°C 
Cc 


SP eee 
=1V Se 
On| 
sa ea 

ver =25v | om | 00a | 
i a 
Poe a 


RL = 1 MQ, 
Ci = 20 pF, 
See Figure 98 


SR Slew rate at unity gain 


f = 1 kHz, 


Rs = 100 Q, 
S 25°C 
See Figure 99 


Vn Equivalent input noise voltage 


Vo = VOH. Ci = 20 pF, 
Ry = 1 MQ, See Figure 98 


2 SR Rees 
Rae Y eee 


a oe oe 


Bom Maximum output swing bandwidth 


Vj = 10 mV, 
See Figure 100 


By Unity-gain bandwidth 


i.) ih Bee 


V; = 10 mv, f = By, 


m Ci = 20 pF, See Figure 100 


Phase margin 


operating characteristics, VpDp = 10 V 


PARAMETER 


TEST CONDITIONS MIN TYP MAX | UNIT 


V/us 


iV 
nV//Hz 


ViIPP 


Operational Amplifiers 


RL = 1 MQ, 
CL = 20 pF, 
See Figure 98 


SR S| te at unit i 
ew rate at unity gain 


° 
5.5 V 0° 


VIPP 


f.= 1 kHz, 


Ee ee. eee 

(cee Rte: eee 

: Be eer are te oe 
A quivetent input noise: voltage See Figure 99 25° 


Vo = VOH. Cy = 20 pF, 
RL = 1 MQ, See Figure 98 


Bom Maximum output swing bandwidth 


B 
1 See Figure 100 


Unity-gain bandwidth 


Vj = 10 mV, f = By, 
Cy = 20 pF, See Figure 100 


om Phase margin 


kHz 
i: Sa 
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DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 


DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 


70 
905 Amplifiers tested from 6 wafer lots S06 Ainpiitiors pete trom S water tote 
60 60 
x 50 3 50 
g g 
2 5 40 5 40 
) ) 
® 
O Fx 3 20 
3 | : 
@ = o 
Po} e 20 2 20 
ae 
2 10 10 
re > 5 , == | 
P Fh LUC 0 =r = 
> -5 -4 -3 -2 -1 0 1 eae acme’ ates -5 -4 -3 -2 -1 0 1 eae sume mares 
4 Vio — Input Offset Voltage — mV Vio — Input Offset Voltage — mV 
2 FIGURE 66 FIGURE 67 
= 
@ DISTRIBUTION OF TLC271 DISTRIBUTION OF TLC271 
” INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT 
356 Amplifiers tested from 8 wafer lots 356 Amplifiers tested from 8 wafer lots 
Vpp =5V Vpp = 10V | 
T, = 25°C to 125°C T, = 25°C to 125°C 
r P Package = P Package 
' Outliers: “ Outliers: 
2 (1) 19.2 nvr 2 (1) 18.7 pV/°c 
5 (1) 12.1 pv/°c 5 
2 a) 
ry 
8 8 
c = 
: 
a a. 


-10-8 -6 -4-2 0 2 4 6 8 10 °i0 -8 -6 -4 - eos. ee ER 
ayiO — Temperature coefficient — .V/°C OyIO — Temperature coefficient — .V/°C 
FIGURE 68 FIGURE 69 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


a 7 
I 
g & 
£ s 
3 s 2 
3 A 
S b> | 
3 P ” 
9 S ® 
§ 3 ie 
£ 5 tere 
= = a. 
a & 
5 ta = § 
4°) 
c 
0 - 10 — 20 - 30 - 40 Oo 
lon — High-Level Output Current -mA lon — High-Level Output Current - mA os 
FIGURE 70 FIGURE 71 © 
o. 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE O 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
aoe 
L = 
re T, = 25°C ' 
g op 
£ E 
3 3 
S z 
7) 
S 2 
= = 
| 1 
5 3 
> > 
Vv . 
0 2 4 6 8 10 “42 ©1416 -75 -50 -25 0 25 50 $75 100 125 
Vop — Supply Voltage — V T “" Free-Air Temperature — °C 
FIGURE 72 FIGURE 73 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)t 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
COMMON-MODE INPUT VOLTAGE 


Vv OL~ Low-Level Output Voltage — mV 


Vic -— Common-Mode Input Voltage — V 
FIGURE 74 


siayyduwy jeuoneisdg o 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
DIFFERENTIAL INPUT VOLTAGE 


OL~ Low-Level Output Voltage — mV 


Vip — Differential Input Voltage — V 
FIGURE 76 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
COMMON-MODE INPUT VOLTAGE 


=-100 mV 


=-1V 
=-2.5V 


1 


Vo — Low-Level Output Voltage — mV 


Vic - Cees SR a as Vv 
FIGURE 75 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Vv OL” Low-Level Output Voltage — mV 


0 
-75 -50 -—25 75 125 
T “ac i Me ras -— oe 


FIGURE 77 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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LOW-LEVEL OUTPUT VOLTAGE 


vs 
LOW-LEVEL OUTPUT CURRENT 


eS aS a 
veo | | | 
oe Tt toe, 


lot — Low-Level Output Current - mA 
FIGURE 78 


LARGE-SIGNAL 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
SUPPLY VOLTAGE 


Ayp- Differential Voltage Amplification — V/mV 


0 2 4 6 8 0-042 
Vop — Supply Voltage — V 


FIGURE 80 


LOW-LEVEL OUTPUT VOLTAGE 


vs 
LOW-LEVEL OUTPUT CURRENT 


Vo, — Low-Level Output Voltage - V 


0 
S 
a 


0 5 10 15 20 25 30 
lot — Low-Level Output Current - mA 
FIGURE 79 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
FREE-AIR TEMPERATURE 


0 
-75 -50 -25 0 
T a7 Free-Air Temperature — °C 


FIGURE 81 


25 50 $75 100 125 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)t 


INPUT BIAS CURRENT AND COMMON-MODE INPUT VOLTAGE 
INPUT OFFSET CURRENT POSITIVE LIMIT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
> 
SSS SSS ESS SS SSS SSS SS D 
2 “4 s 
a 3 
: 
SSS ee ee a 
2: 
oe. | 2 
® is ©] ——— ° 
oe & Ee 
So @f 8 
a | 3 1 I 
> ett ttt t 
3 ro co Remi: Sais Cae -t Rica 2 ee a Ds 
Zo) 25 45 65 85 105 125 Ge ganigs wag t4g 42 44°16 
ae T , — Free-Air Temperature - °C Vpp — Supply Voltage — V 
Do FIGURE 82 FIGURE 83 
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TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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SLEW RATE SLEW RATE 


vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


SR — Slew Rate - V/s 
SR — Slew Rate — V/us 
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FIGURE 86 FIGURE 87 

HIGH-LEVEL OUTPUT VOLTAGE. 
vs vs 

SUPPLY VOLTAGE FREQUENCY 
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TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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UNITY-GAIN BANDWIDTH UNDITY-GAIN BANDWIDTH 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
140 
Vi =10 mV 
130 Cc. = 20 pF 
+ = 120 Ta = 25°C 
7 5 See Figure 100 
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FIGURE 90 FIGURE 91 
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T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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PHASE MARGIN 
vs 
SUPPLY VOLTAGE 


Vi = 10 mV 
Cc, = 20 pF 
Ta = 25°C 
See Figure 100 


Vop — Supply Voltage — V 
FIGURE 94 


PHASE MARGIN 
vs 
CAPACITIVE LOAD 


See Figure 100 
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C. — Capacitive Load — pF 


FIGURE 96 
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Vn — Equivalent Input Noise Voltage — nv/VHz 
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FIGURE 97 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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single-supply versus split-supply test circuits 


Because the TLC271 is optimized for single-supply operation, circuit configurations used for the various 
tests often present some inconvenience since the input signal, in many cases, must be offset from ground. 
This inconvenience can be avoided by testing the device with split supplies and the output load tied to 


the negative rail. A comparison of single-supply versus split-supply test circuits is shown below. The use 
of either circuit will give the same result. 


— Vo Vo 
‘@) be CL Ri vl Ri 
Ao) 
iS) = ae 
9 r i V 
= DD- 
3 (a) Single-Supply (b) Split-Supply 
as FIGURE 98. UNITY-GAIN AMPLIFIER 
4 10 kQ 10 ko 
Zo) 
= 100 2 
= 
@ 1/2 Vpp el Vo sine Vo 
i?) 
10,8 100 2 100 2 
be = = Vpo- 
(a) Single-Supply (b) Split-Supply 
FIGURE 99. NOISE TEST CIRCUIT 
10 kQ 10 ko 
100 2 100 2 
Vi VI 
Vo Vo 
1/2 Vpp 7R CL CL 
if zs 4 Vpp - 
(a) Single-Supply (b) Split-Supply 


FIGURE 100. GAIN-OF-100 INVERTING AMPLIFIER 
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input bias current 


Because of the high input impedance of the TLC271 op amp, attempts to measure the input bias current 
can result in erroneous readings. The bias current at normal room ambient temperature is typically less 
than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered 
to avoid erroneous measurements: 


1. lsolate the device from other potential leakage sources. Use a grounded shield around and between 


the device inputs (see Figure 101). Leakages that would otherwise flow to the inputs will be shunted 
away. | 


2 


2. Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the ‘‘open-socket’’ leakage readings from the readings obtained with a device in the 
test socket. 


One word of caution . . . many automatic testers as well as some bench-top op amp testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current 
(the voltage drop across the series resistor is measured and the bias current is calculated). This method 
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an ‘‘open- 
socket’’ reading is not feasible using this method. 


V=Vic 
1 4 


FIGURE 101. ISOLATION METAL AROUND DEVICE INPUTS 
(JG AND P DUAL-IN-LINE PACKAGE) 


Operational Amplifiers 


low-level output voltage 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output being dependent on both the common-mode input voltage 
level as well as the differential input voltage level. When attempting to correlate low-level output readings 
with those quoted in the electrical specifications, these two conditions should be observed. If conditions 
other than these are to be used, please refer to the Typical Characteristics section of this data sheet. 


input offset voltage temperature coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. 
This parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both 
the device and the test socket. This moisture will result in leakage and contact resistance which can cause 
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on 
the leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 


full-power response 


Full-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways... . full-linear response and full-peak response. The full-linear response is 
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generally measured by monitoring the distortion level of the output while increasing the frequency of a 
sinusoidal input signal until the maximum frequency is found above which the output contains significant 
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion, 
above which full peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for ‘‘significant’’ distortion, the full-peak response is 
specified in this data sheet and is measured using the circuit of Figure 98. The initial setup involves the 
use of a sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of 
the sinusoidal wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square 
wave of the same amplitude. The frequency is then increased until the maximum peak-to-peak output 
can no longer be maintained (Figure 102). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 


See ape eee: oh 


(a) f = 100 Hz (b) Bon > f > 100 Hz (c)f=Bom (d) f> Bom 


FIGURE 102. FULL-POWER-RESPONSE OUTPUT SIGNAL 


test time 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short- 
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices, 
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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TYPICAL APPLICATION DATA 
single-supply operation 


While the TLC271 performs well using dual power supplies (also called balanced or split supplies), the 
design is optimized for single-supply operation. 
This design includes an input common mode 
voltage range that encompasses ground as well 
as an output voltage range that pulls down to 
ground. The supply voltage range extends down 
to 3 V (C-suffix types), thus allowing operation 
with supply levels commonly available for TTL 
and HCMOS; however, for maximum dynamic 
range, 16-V_ single-supply operation is 
recommended. 

Many single-supply applications require that a 
voltage be applied to one input to establish a R3 

reference level that is above ground. A resistive Vref = YOD 57, Aa 

voltage divider is usually sufficient to establish 

this reference level (see Figure 103). The low R4 

input bias current consumption of the TLC271 72 (Vaer v1 n2 * “REF 

permits the use of very large resistive values to 

implement the voltage divider, thus minimizing FIGURE 103. INVERTING AMPLIFIER WITH 
power consumption. VOLTAGE REFERENCE 
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The TLC271 works well in conjunction with digital logic; however, when powering both linear devices 
and digital logic from the same power supply, the following precautions are recommended: 


1. Power the linear devices from separate bypassed supply lines (see Figure 104); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 


LOGIC POWER 
SUPPLY 


(a) Common Supply Rails 


LOGIC LOGIC LOGIC cee 
SUPPLY 
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(b) Separate Bypassed Supply Rails (preferred) 
FIGURE 104. COMMON VERSUS SEPARATE SUPPLY RAILS 


input offset voltage nulling 


The TLC271 offers external input offset null control. Nulling of the input offset voltage may be achieved 
by adjusting a 25-kQ. potentiometer connected between the offset null terminals with the wiper connected 
as shown in Figure 105. The amount of nulling range varies with the bias selection. In the high-bias mode, 
the nulling range will allow the maximum offset voltage specified to be trimmed to zero. In low-bias and 
medium-bias modes, total nulling may not be possible. 


er 


(a) Single-Supply (b) Split-Supply 
FIGURE 105. INPUT OFFSET VOLTAGE NULL CIRCUIT 
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bias selection 
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Bias selection is achieved by connecting the bias select pin to one of the three voltage levels (see Figure 106). 
For medium-bias applications, it is recommended that the bias select pin be connected to the mid-point 
between the supply rails. This is a simple procedure in split-supply applications, since this point is ground. 
In single-supply applications, the medium-bias mode will necessitate using a voltage divider as indicated. 
The use of large-value resistors in the voltage divider will reduce the current drain of the divider from the 
supply line. However, large-value resistors used in conjunction with a large-value capacitor will require 
significant time to charge up to the supply midpoint after the supply is switched on. A voltage other than 
the mid-point may be used if it is within the voltages specified in the following table. 


Vpp 


1 MQ 


LOW 
MEDIUM 


BIAS SELECT VOLTAGE 
BIAS MODE 
(Single Supply) 
Low 


MEDIUM 1V to Vpp-1 V 
HIGH 


TO THE BIAS 
SELECT PIN 


FIGURE 106. BIAS SELECTION FOR SINGLE-SUPPLY APPLICATIONS 


input characteristics 


The TLC271 is specified with a minimum and a maximum input voltage that, if exceeded at either input, 
could cause the device to malfunction. Exceeding this specified range is a common problem, especially 
in single-supply operation. Note that the lower range limit includes the negative rail, while the upper range 
limit is specified at Vpp-—1 V at Ta = 25°C and at Vpp-—1.5 V at all other temperatures. 


The use of the polysilicon-gate process and the careful input circuit design gives the TLC271 very good 
input offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift 
in CMOS devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus 
dopant implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) 
alleviates the polarization problem, thus reducing threshold voltage shifts by more than an order of 
magnitude. The offset voltage drift with time has been calculated to be typically 0.1 »V/month, including 
the first month of operation. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLC271 
is well suited for low-level signal processing; however, leakage currents on printed circuit boards and sockets 
can easily exceed bias current requirements and cause a degradation in device performance. It is good 
practice to include guard rings around inputs (similar to those of Figure 101 in the Parameter Measurement 
Information section). These guards should be driven from a low-impedance source at the same voltage 
level as the common-mode input (see Figure 107). 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 
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noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC271 results in a very low noise current, which 
is insignificant in most applications. This feature makes the devices especially favorable over bipolar devices 
when using values of circuit impedance greater than 50 kQ, since bipolar devices exhibit greater noise 


currents. 
Vi 
Vo Vo Vo 2 
Vi vi 
” 
des 
i 
i eS -_ 
(a) Noninverting Amplifier (b) inverting Amplifier (c) Unity-Gain Amplifier ro% 
FIGURE 107. GUARD RING SCHEMES & 
= § 
feedback is) 
c S 
Op amp circuits nearly always employ feedback, Oo 
and since feedback is the first prerequisite for c 
oscillation, some caution is appropriate. Most dew 
; : ee ® 
oscillation problems result from driving a. 
Capacitive loads and ignoring stray input oO 
capacitance. A small-value capacitor connected 
in parallel with the feedback resistor is an 
effective remedy (see Figure 108). The value of 
this capacitor is optimized empirically. = = 
electrostatic discharge protection FIGURE 108. COMPENSATION FOR 


INPUT CAPACITANCE 
The TLC271 incorporates an_ internal 


electrostatic discharge (ESD) protection circuit 

that prevents functional failures at voltages up 

to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be exercised, however, when 
handling these devices, as exposure to ESD may result in the degradation of the device parametric 
performance. The protection circuit also causes the input bias currents to be temperature dependent and 
have the characteristics of a reverse biased diode. 


latchup 


Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC271 
inputs and output were designed to withstand —110-mA surge currents without sustaining latchup; 
however, techniques should be used to reduce the chance of latchup whenever possible. Internal protection 
diodes should not, by design, be forward biased. Applied input and output voltage should not exceed the 
supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling on pulse 
generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 uF typical) located 
across the supply rails as close to the device as possible. 


EXAS 4 Ras 
INSTRUMENTS ; 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLO271, TLC271A, TLO271B 
LinCMOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


The current path established if latchup occurs is usually between the positive supply rail and ground and 
can be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed 
the supply voltage. Once latchup occurs, the current flow is limited only by the impedance of the power 
supply and the forward resistance of the parasitic thyristor and usually results in the destruction of the 
device. The chance of latchup occurring increases with increasing temperature and supply voltages. 


output characteristics 


The output stage of the TLC271 is designed to 


2 sink and source relatively high amounts of 
current (see typical characteristics). lf the output 
is subjected to a short-circuit condition, this high 
© current capability can cause device damage 
.-] under certain conditions. Output current Ta = 25°C 
@ capability increases with supply voltage. ibe Vo cat be 
24 All operating characteristics of the TLC27 were " Cy bs aller 
o measured using a 20-pF load. The devices will 
a drive higher capacitive loads; however, as output 
— load capacitance increases, the resulting “a5 
> response pole occurs at lower frequencies, 
= thereby causing ringing, peaking, or even 
OD oscillation. (see Figures 110, 111, and 112). In (d) Test Circuit 
1 many cases, adding some compensation in the 
OD form of a series resistor in the feedback loop will FIGURE 109. TEST CIRCUIT FOR OUTPUT 
os alleviate the problem. CHARACTERISTICS 


(a) CL = 20 pF, Ri, = NO LOAD (b) C_ = 130 pF, Ry, = NO LOAD (c) Cy = 150 pF, Ry = NO LOAD 


FIGURE 110. EFFECT OF CAPACITIVE LOADS IN HIGH-BIAS MODE 
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2 


(a) C, = 20 pF, RL = NO LOAD (b) CL = 170 pF, Ry = NO LOAD (c) CL = 190 pF, RL = NO LOAD 


FIGURE 111. EFFECT OF CAPACITIVE LOADS IN MEDIUM-BIAS MODE 
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(a) CL = 20 pF, RL = NO LOAD (b) CL = 260 pF, RL, = NO LOAD (c) CL = 310 pF, RL = NO LOAD 
FIGURE 112. EFFECT OF CAPACITIVE LOADS IN LOW-BIAS MODE 


Although the TLC271 possesses excellent high- 
level output voltage and current capability, 
methods for boosting this capability are 
available, if needed. The simplest method 
involves the use of a pullup resistor (Rp) 
connected from the output to the positive supply 
rail (see Figure 113). There are two 
disadvantages to the use of this circuit. First, the 
NMOS pull-down transistor N4 (see equivalent 
schematic) must sink a comparatively large 
amount of current. In this circuit, N4 behaves like 
a linear resistor with an on-resistance between 


approximately 60 2 and 180 2, depending on Rp = aaa 

how hard the op amp input is driven. With very ei BR 

low values of Rp, a voltage offset from O V at Ip = Pullup current required by 
the output will occur. Second, pullup resistor Rp the op amp (typically 500 »A) 
acts as a drain load to N4 and the gain of the 

op amp is reduced at output voltage levels where FIGURE 113. RESISTIVE PULLUP 
N5 is not supplying the output current. TO INCREASE Vow 
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10 kQ 


0.016 pF 


LOW PASS 


a BIAS SELECT 


HIGH PASS 


BAND PASS 
= R = 5 kQ (3/d-1), 


(see Note A) 
NOTES: A. d = damping factor, 1/0 
B. Normalized to 10 kQ“ and fg = 1 kHz 


FIGURE 114. STATE VARIABLE FILTER 


Vo (see Note A) 
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Vo (see Note B) 


BR eae BS) 
0 ™ 4C(R2) | R3 


NOTES: A. Vopp 
B. VopP 


8 V 
4V 


FIGURE 115. SINGLE-SUPPLY FUNCTION GENERATOR 
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+5 V 


Vi- 
100 kQ 


Vv 
R1,10 kQ 
95 kQ (see Note A) 


Vi+ 


(| BIAS SELECT 
oS = 


NOTE A: CMRR adjustment (must be noninductive). 


FIGURE 116. LOW-POWER INSTRUMENTATION AMPLIFIER 
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BIAS SELECT 
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Vi 


1 
fNOTCH = 2=RC 


270 pF 270 pF 


FIGURE 117. SINGLE-SUPPLY TWIN-T NOTCH FILTER 
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V| (see 
Note A) 


Vo (see 
Note B) 


NOTES: A. Vj = 3.5to 15 V 
B. Vo = 2.0V,0to1A 


FIGURE 118. LOGIC-ARRAY POWER SUPPLY 


12 V 
vi H.P. 


12V 
5082-2835 


FIGURE 119. POSITIVE-PEAK DETECTOR 
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1N4148 


1 pF 


NOTES: Vopp = 2 V 
1 


fo = ——————_ 
2x JRIRZC1C2 


FIGURE 120. WIEN OSCILLATOR 


5V 
1 MQ 
0.01 pF 
vi 4 TLC271 0.22 uF 
(-—— Vo 
BIAS 
SELECT 
= 20 v 
1 MQ 
100 ko 100 kQ 
10 kQ 
0.1 uF 


FIGURE 121. SINGLE-SUPPLY AC AMPLIFIER 
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5V 
GAIN CONTROL 
1 MOQ 


see Note A 1 uF 100 ka 


100 ko 


NOTE A.: Low to medium impedance dynamic mike 


FIGURE 122. MICROPHONE PREAMPLIFIER 


TLC271 


150 pF 


NOTES: Vpp = 4Vto 15 V 
Vrer = OV to Vpp-2 V 


FIGURE 123. PHOTO DIODE AMPLIFIER WITH AMBIENT LIGHT REJECTION 
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1 


vi 


2N3821 


NOTES: Vi = OVto3 V 


is = 


FIGURE 124. PRECISION LOW-CURRENT SINK 


TYPICAL APPLICATION DATA (LOW-BIAS MODE) 
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Vo 


$4 
1 
racer [5 [ee ae 
es ee oe s 
ee ANALOG 5 


1 kQ 


NOTE: Vpp = 5Vto12V 


FIGURE 125. AMPLIFIER WITH DIGITAL GAIN SELECTION 
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+5V 


( | BIAS SELECT 


vor \/ » 


Vo2 & 


0.1 pF 


FIGURE 126. MULTIVIBRATOR 


10 kQ 


20 kQ 


vA P] BIAS SELECT 


100 kQ 


NOTE: Vpp = 5Vto 16 V 


FIGURE 127. FULL-WAVE RECTIFIER 
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LinC¢MOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA (LOW-BIAS MODE) 


100 kQ 


SET 


RESET 


NOTE: Vpp = 5 V to 16 V 


FIGURE 128. SET/RESET FLIP-FLOP 


0.016 uF 


Vo 


0.016 uF i 


NOTE: Normalized to Fc = 1 kHz and Ry = 10 kQ 


FIGURE 129. TWO-POLE LOW-PASS BUTTERWORTH FILTER 


ij 
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TLO272, TLC272A, TLO272B, TLO277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


D3138, OCTOBER 1987—REVISED MARCH 1989 


@ Trimmed Offset Voltage: D, JG, OR P PACKAGE 
TLC277 .. . 500 pV Max at 25 °C, (TOP VIEW) 
Vpp = 5V 


® Input Offset Voltage Drift .. . Typically 
0.1 »V/Month, Including the First 30 Days 


@® Wide Range of Supply Voltages over 


Specified Temperature Range: FK PACKAGE 
-—-55°C to 125°C ...4Vto 16 V (TOP VIEW) 
-40°C to 85°C ....4Vto 16 V a 


0°C to 70°C...3 Vto 16 V i 

0%o0 AVL 

Single-Supply Operation 
aiats 


20 19 


@ Common-Mode Input Voltage Range 


Extends Below the Negative Rail (C-Suffix, NC 18(}NC 
I-Suffix types) 1 es ae 2 OM 
N 
@ Low Noise. . . Typically 25 nV//Hz 1 IN+ 15712 IN— 


at f = 1 kHz NC 14L]NC 
® Output Voltage Range Inciudes Negative 
Rail 2 Elo ay seri ©) 
2225 2 
High Input Impedance . . . 1012 0 Typical ss: “I 
ESD-Protection Circuitry NC—No internal connection 


Small-Outline Package Option Also Available 
in Tape and Reel 


Operational Amplifiers By 


@ Designed-in Latchup Immunity 


AVAILABLE OPTIONS 


Viomax 
wi SMALL CHIP CERAMIC PLASTIC DISTRIBUTION OF TLC277 
os og | OUTLINE CARRIER DIP DIP INPUT OFFSET VOLTAGE 
(D) (FK) (JG) 


pec [500 uv | TLC277CD | == — | TLC277CUG eee 
TLC272BCD | — | TLC272BCJG | TLC272BCP 
ii és TLC272ACD | — | TLC272ACJG | TLC272ACP 


473 Units tested from 2 wafer lots 


Vpp = 5V 
Ta = 25°C 
P Package 


4 i ae 


Tio mv Tuc27acp_| — | Tca7acsG | Tucz72cP _| 
“pong [S00uv] Tuez77o | _— | Tuea77uG | Tuca77P _| 
[ 2mv| Tuc27aeD [| — | TLca72ewG | Tic2728P _| 
woe [smu] tca7zai> | _— | TLc272auG_| TLc272AIP 
Tomy tuc27ap | — | TLea7awe | Tuc272Ip _| 


—55°C 
500 »pV TLC277MFK | TLC277MJG 
to 


The D package is available in tape and reel. Add R suffix to the device type (e.g., 
TLC277CDR). 


Percentage of Units— % 


0 
- 800 - 400 0 400 800 
Vio—!nput Offset Voltage—pV 


LinCMOS is a trademark of Texas Instruments Incorporated 


current as of publication date. Products conform to 
specifications per the terms of Texas instruments 


standard warranty. Production processing does not 2-543 
necessarily inclu e testing of i porematers. INST RUM ENTS 
POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


PRODUCTION DATA documents contain information st Copyright © 1987, Texas Instruments Incorporated 


TLO272, TLC272A, TLC272B, TLC277 
LinC¢MOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


description 


sisyyduy jeuoneisdg BW 


The TLC272 and TLC277 dual operational amplifiers combine a wide range of input offset voltage grades 
with low offset voltage drift, high input impedance, low noise, and speeds approaching that of general- 
purpose BiFET devices. 


These devices use Texas Instruments silicon-gate LinCMOS™ technology, which provides offset voltage 
stability far exceeding the stability available with conventional metal-gate processes. 


The extremely high input impedance, low bias currents, and high slew rates make these cost-effective 
devices ideal for applications which have previously been reserved for BiIFET and NFET products. Four offset 
voltage grades are available (C-suffix and I-suffix types), ranging from the low-cost TLC272 (10 mV) to 
the high-precision TLC277 (500 yV). These advantages, in combination with good common-mode rejection 
and supply voltage rejection, make these devices a good choice for new state-of-the-art designs as well 
as for upgrading existing designs. 


In general, many features associated with bipolar technology are available on LinCMOS™ operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC272 and TLC277. The devices also exhibit low voltage single-supply operation, making them 
ideally suited for remote and inaccessible battery-powered applications. The common-mode input voltage 
range includes the negative rail. 


A wide range of packaging options is available, including small-outline and chip carrier versions for high- 
density system applications. 


The device inputs and outputs are designed to withstand — 100-mA surge currents without sustaining 
latchup. 


The TLC272 and TLC277 incorporate internal ESD-protection circuits that prevent functional failures at 
voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised 
in handling these devices as exposure to ESD may result in the degradation of the device parametric 
performance. 


M-suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. |-suffix devices are characterized for operation from —40°C to 85°C, and C-suffix devices 
are characterized for operation from O°C to 70°C. 
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TLO272, TLC272A, TLO272B, TLC277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


equivalent schematic (each amplifier) 


P3 P4 
RG 


R1 R2 


P1 P2 


OUT 


GND 
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TLO272, TLC272A, TLC272B, TLC277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


CSE SUIS SENSEI CATES Hi ESD STE ILS ABS STE SSS A RRR LSS BPS a SEES I iS ET TETRIS SERA i Ga A Re NT I OT TEE ATE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUpDiy VONMER Vie (SRG NOIDSR cc5 5 5... 5 EM pip ie srateala oo ene ee Ete ne we a 18 V 
UF TOPOPIClG) WORE PU OC LOB eh nna < bdtac ccnice senses sinasn nce ace On eae oe eee 5 +Vpp 
INPUT VORAGEG TanGG, Vi-(OTY IRs sas ecu. aoe deo ore ae eae oe ee -—0.3 V to Vpp 
Copper So) | Gehan Rae erat SOE a oe emeerermni: igs <7). eR Rer Rea os ona gear +5 mA 
Cutt current, 1 (AaCniOutnue: <-ce ss. . ek Sgr binc as Crs vee abs © 6 Rea es a +30 mA 
ERT GUL TINE TEC OITIN eat. ws. oie ns a eee ns 6-5 ees Ae Ge Se 45 mA 
TOtal-Cunene Out Or cround tema. be i Rae ee ae nb or ee ee 45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)................20050- Unlimited 
Continivious 4Oter Giussibeuon:.. 5 badeajwts ak sos oe ee hn es oe eee See Dissipation Rating Table 
Operating free-air temperature, TA: M-suffix.. 0.2... 0. ee ee —65°C to 125°C 
AROTEN oS san Ce OE ea ee at — 40°C to 85°C 

SERN oc etl eters os ae SS ee es O76 tao 70°C 

StOragh SBMPOTATsE FARGO <5 Heed 5 Bech ssl en ce ees Dace one eee ee -65°C to 150°C 
Case temperature for 60 seconds: FK package............. ee ee ee ee es 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE T, = 25°C POWERRATING POWERRATING POWER RATING 
D 725 mW 5.8 mW/°C 


PACKAGE 
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FK 1375 mW 11 mW/°C 

JG (M-suffix) 1050 mW 8.4 mW/°C 
JG (C-, |-suffix) 825 mW 6.6 mW/°C 
P 1000 mW 8.0 mW/°C 


recommended operating conditions 


Supply voltage, Vpp 


: Vpp = 5 V 
Common-mode input voltage, Vic 
Vpp = 10 V 
Operating free-air temperature, Ta 
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TLC272M, TLC277M 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS TYP MAX 
= ca °C 
TLC272M Vo = 1.4 V, Vic = OV, 25°C 
Rs = 50 Q, Rr = 10 kQ Full range 


5 BEN nai 1.4 V, Vic = OV, 25°C 
uV/°C 


VIO Input offset voltage 


> 
-> 


= 500, RL = 10 kQ Full range =o 
Average temperature coefficient 25°C to 
of input offset voltage 125°C 
Input offset current (see Note 4) = 2.5 V, Vic = 2.5 V 125° nt 
Input bias current (see Note 4) = 2.5V, Vic = 2.5 V sau aoe 


Common-mode input 
voltage range (see Note 5) 


125° 


—5§5° 
425° 


High-level output voltage = 100 mV, 


= 65 ¢ 
125° 


Low-level output voltage Vip = —100 mV, lo. = 0 


iT 
Large-signal differential 
se e vi er, —55° V/mV 
: : 125° 


Vo = 0.25 V to 2 V, 


65 
60 
60 


Common-mode rejection ratio Vic = ViCR min - 55° 


125° 


Supply-voltage rejection ratio 


-55° 
(AVpp/AVio) 


125° 


60 
60 


Vpp = 5Vto10V, Vo = 1.4 V 


Vo = 2.5 V, Vic = 2.5 V, 
No load 


Supply current 
(two amplifiers) 


-55° 
125° 


IDD 


La 
ne 
PAS 
m 


4 
LS) Ls) Nh LS) ied ND * No Nh Nh 
oi o ol o1 o o1 © oi o o 
° ° ° ° ° ° 3 ° ° ° 
ADLOPFOLALALOALALONLOLALALALALALOALALAIO = QO AQALTaALTOTO 


T Full range is —55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLO272M, TLC277M 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS : 


electrical characteristics at specified free-air temperature, VpDp = 10 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Vo = 1.4 V, Vic = OV, 250 800 
Rg = 50 0, RL = 10k@  [Fullrange| 43000 
of input offset voltage 125°C 
to mecotccmnianons fonts vesev bette 


0 -0.3 
25°C to to 
9 : 
@) 
Full range to 


100 mV, 


< 


Input offset voltage 


Vio 


. 
< 


>| > 


2 


© 
Os) 


Common-mode input 
voltage range (see Note 5) 


VICR 


| 
o 
oi 

°o 
Noy 
oe) 
oe) 
o 


High-level output voltage 


3 
< 


Low-level output voltage Vip = —100 mV, 


Large-signal differential 


| pa 
ol NO 
o1 ol 
° ° 
~ 
oo 
fee] 
pS 


pe’ 
Nh 
o 
° 


No 
o 
°o 
ee) 
oro 
ee) 
oa 


50 
25% | 5 85 
Vic = Vier min 

25°C 
on 
c 


AvbD Vo = 1Vto6V, V/imV 


voltage amplification 


siayyduy jeuoieisdgC 


Common-mode rejection ratio 


Supply-voltage rejection ratio 


V =5Vto10V, Vo =1.4V 
(AVpp/AVjo) - - 


KSVR 


Vo = 5V, Vic = 5V, 
No load 


Supply current 
(two amplifiers) 


3 
> 


T Full range is —55°C to 125°C. : 


NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 


IDD 


60 90 
60 97 


TEXAS 4 


2548 INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLO2721, TLC272Al, TLC272BI, TLC2771 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


MIN TYP MAX | UNIT 


PARAMETER 


TLC2721 
TLC272Al 
ViO Input offset voltage : 


TLC272BI 


TLC2771 


TEST CONDITIONS 


Vo = 1.4V, 
Rs = 509, 
Vo = 1.4V, 
Rs = 502, 
Vo = 1.4V, 
Rs = 502, 
Vo = 1.4V, 
Rs = 50Q, 


Vic = OV, 
RL = 10 kQ 
Vic = OV, 
Ri = 10 kQ 


R_ = 10 kQ 
Vic = OV, 
R_ = 10 kQ 


Vic = OV, 230 2000 


< 


“= 
< 


Average temperature coefficient 
al 
VIO of input offset voltage 
lio Input offset current (see Note 4) | Vo 
lip Input bias current (see Note 4) Vo 


2 


Be ak Pn eee 


Vic = 2.5 V 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage Vip = 100 mV, 


Operational Amplifiers 


Low-level output voltage Vip = —100 mV, 


3 
< 


Large-signal differential 
voltage amplification 


< 


Vo = 0.25 Vto2V, 


Common-mode rejection ratio Vic = VicR min 


Supply-voltage rejection ratio 


Vpp = 5 V to 10V, 
(AVpp/AVi0) oS 


i<e] 
oO 


Vo = 2.5 V, 
No load 


Supply current 
(two amplifiers) 


— 
© 
ph 
iA 


a 


T Full range is —40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLO2721, TLC272Al, TLC272Bi, TLC2771 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted) 


TEST CONDITIONS 
Vo = 1.4V, Vic = OV, BS 7G eee ae 
Rs = 509, P= 10K0 _[Fullrange] SSS] 
Vo = 1.4V, Vic = OV, 2S ee 
Rs = 500, RL = 10 ka 
Vio Input offset voltage 
Vo = 1.4 V, Vic = OV, 
| Rs = 509, RL = 10 ko Fullrange| 3500 | 
Vo = 1.4V, Vic = OV, . 
Rs = 509, PL = 10k [Fullrange| __—-2900 | 
Average temperature coefficient 25°C to 
2 evi0 of input offset voltage 
Et ok 
Te) Input offset current (see Note 4) “ 
Oo [opt tet curant aoe Nowe 4) 
3 
© 
© 
=. 25°C V 
= y Common-mode input jae . py 
a) ICR voltage range (see Note 5) ‘ 
> 8.5 
3 
io High-level output voltage 7.8 8.5 V 
= 78. 85 
o ie 2 a EO 
ow Low-level output voltage -— 100 mV, ae[ oa] ow 
A 2 a aR 
Large-signal differential eS. SE RS 
voltage amplification A Vitae ¥: ids ag 
: Tie es ee 
Sit. SR Se all 
Common-mode rejection ratio = VICR min aa 
60 _—«88 
Supply-voltage rejection ratio Be BL a 
KSVR  (AVpp/AVio) Vpp = 5Vto10V, Vo =1.4V ee ae 
Supply current Vo = 5V, 
(two amplifiers) No load Ee 


T Full range is —40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined. mathematically. 
5. This range also applies to each input individually. 
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TLC272C€, TLC272AC, TLC272BC, TLC277C 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDD = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


TLC272C ss = 1.4 Vv, Vic = 0 V, | 26°C | *S ee Be 
= 509, PL = 10K |Fullrange] =| 
= 1.4V, Vic = OV, <a ess 
TLC272AC 
- 509, REL ee CT) aL 
ViO Input offset voltage 
v = 1.4V, Vic = 230 2000 
TLC272BC 
= 50 0, RL = 9 to 7 ee * 
TLC277C glee eo ae 200 - 600] ” 
= 509, =i: laa 


2 


Average temperature coefficient ae to vec 
Q 
VIO of input offset voltage 70°C ? 


: pale aia 
= 2.5V, Vic = 2.5 V 


Input bias current (see Note 4) Vo = 2.5 V, Vic = 2.5 V 


Common-mode input 
voltage range (see Note 5) 


= 100 mV, 


High-level output voltage 


Operational Amplifiers 


Low-level output voltage Vip = —100 mV, lo. = 0 


Large-signal differential 


ee Vo = 0.25 Vto2V, RL = 10 k2 
voltage amplification 


Avpb 


Common-mode rejection ratio Vic = ViCR min 


Supply-voltage rejection ratio 


Vv = 5Vto 10 V, 
(AVpp/AVjio) oe 


Vo = 2.5 V, Vic = 2.5 V, 
No load 


Supply current 
(two amplifiers) 


T Full range is O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLO272C, TLC272AC, TLC272BC, TLC277C 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 10 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


aTaV, vic = Ov. | ae] at 10)| 
n= 208 R= 10K0 _|Fullrange) SZ] 
= TAN, vic= Ov, [sec] og | 
SE neeenarer ne ne P= 10K0 _[Fullrenge]——SS~=« 
Vo = 14V, Vie = OV, 
= 509, RL = 1040 __|Futeengo|_s000.| 
fneare [X07 a" vie = 9 [asec | 260800] * 
5 = 509, 1oKs i 


Common-mode input 
voltage range (see Note 5) 


9 9.2 
-0.2 
8.5 


0% fT RB ota] Vv 
mi. 2 eee See 
aC 8 ee a 


High-level output voltage Vip = 100 mV, RL = 10 kQ 


Low-level output voltage Vip = —100 mV, lo. = 0 


Large-signal differential 


Seow Vo = 1Vt0 BV, 
voltage amplification 


Common-mode rejection ratio Vic = VicR min 


Supply-voltage rejection ratio 


Vpp = 5Vto10V, Vo =1.4V 
(AVpp/AVio) oP 9 


Supply current 
(two amplifiers) 


Vo = 5V, Vic = 5V 
No load 


T Full range is O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC272M, TLC277M 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vpp = 5V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Soe. oe 
Vipp = 1V 
a See ee 
m7 


R_ = 10 kQ, 
SR Slew rate at unity gain Ci = 20 pF, 


Pee [Tere rere 
See Figure 1 
: VipP = 
a a 
= 1 kHz, = 100 0, 
Equivalent input noise voltage 7 26°C nV//Hz 
= Figure 2 


e ae Sore 
oe eC 
Ao ae es 
cS ee eee 
Ce ae 5 eee, 
se 
i Poet | ae 
att oasamet as OX) 3 SEE TRE RREY 


Ri = 10 kQ, See Figure 1 


2 


Bom Maximum output swing bandwidth 


= 10 mV, 


B Unity-gain bandwidth 
' i bes See Figure 3 


om Phase margin 


operating characteristics, VDp = 10 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
i A ace 
vee = 


Operational Amplifiers 


RL = 10 kQ, 
ae 
SR Slew rate at unity gain CL = 20 pF, wid 3 Abeaaa entns V/s 
See Figure 1 ns 
vip = wc, er 
125°C 
= 1kH = 1 
Equivalent input noise voltage a iad 25°C nV/.J/Hz 
a Figure 2 


ae) ee 
ee ee ee 
5) ae sees 


V; = 10 mV = 

P F : i ' L ' 3 

B Unity- bandwidth mis Figure 3 55°C | Athi eh idefeney sien 
1 nity-gain Danawi i | - 65°C | 


= VOH, Ci = 20 pF, 
= 10 kQ, See Figure 1 


Vv 
Bom Maximum output swing bandwidth o 


ig]; “sau 
ine om a 
ee a: Oe 
"ec, ae 


CL = 20 pF, See Figure 3 


om Phase margin 
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TLC2721, TLC272Al, TLC272Bi, TLC2771 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vpp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
LY 2p eee ae 


= 

= 

v 
i] 


Ri = 10 kQ, 
Ci = 20 pF, 
See Figure 1 


SR Slew rate at unity gain 


Vn Equivalent input noise voltage 


Bom Maximum output swing bandwidth 


f = 1 kHz, 
See Figure 2 


CL = 20 pF, 
See Figure 1 


Vo = VOH: 
RL = 10 kQ, 


Vj = 10 mV, 
See Figure 3 


By Unity-gain bandwidth 


Phase margin 


operating characteristics, VDp = 10 V 


Ri = 10 kQ, 
SR Slew rate at unity gain Ci = 20 pF, 
See Figure 1 


sioyyduy jeuoneiodgC ys) 


f = 1 kHz, 


V Equivalent input noise voltage 
és ‘ ‘ ’ See Figure 2 


Vo = VOH, CL = 20 pF, 
R_ = 10 kQ, See Figure 1 


Bom Maximum output swing bandwidth 


Vj; = 10 mV, 


B Unity-gain bandwidth 
1 ie aa See Figure 3 


om Phase margin 
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TLO272€, TLC272AC, TLO272BC, TLC277C 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vpp = 5 V 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 
V 


VIPP 
€ 
pb 
A REDE SRS 
° 


eee 
=1V 22 ee 
fF S3e8F ANOgGV GH | 
GEE a aS 

Vipp = 2.5 V 
Gee RE ae 
ee See 

C 

C 

C 
aS He: as 
pignit Wie 


RL 
SR Slew rate at unity gain CL 


10 kQ, 
20 pF, 
See Figure 1 


f = 1 kHz, Rs = 100 Q, 
Vn Equivalent input noise voltage ; s 25°C 
See Figure 2 


Vo = VOH. CL = 20 pF, 


B Maximum output swing bandwidth 
OM ‘ 7 RL = 10 kQ, See Figure 1 


eh! 3a eae 
SL ee ee 


70° 


; : ; Vj = 10 mV, 
By Unity-gain bandwidth ene tine 2 Cc 


MIN 
1.7 
[oes | aa 
IN 
4.3 


Vi = 10 mV, f = By, 
Cy = 20 pF, See Figure 3 


om Phase margin 


operating characteristics, Vpp = 10 V 


PARAMETER TEST CONDITIONS 


Pare, sa 
ee tv (emer a 
gees) 
Raper | vasa] 
Wee =68v [GPS er 
we | se 
Yo=Voun = 20er, «=P ret 200 
ee SEs 
ae ae 
ae Cee 
SE 
= 
s ° 


° 
Ri = 10 kQ, See Figure 1 
ee | dy 
eae cae Ole BS |) a 
in 2) RE RE 


M TYP MAX 


ete RE Sr 
Se 8 Ee ee 
UNIT | 


UNIT 


oO 


R~ = 10 kQ, 
SR Slew rate at unity gain Ci = 20 pF, 
See Figure 1 


aQ;OToO 


f = 1 kHz, 
See Figure 2 


V 
z 


Vn Equivalent input noise voltage 


?) 


Bom Maximum output swing bandwidth 0 


Vj = 10 mV, 
See Figure 3 


By Unity-gain bandwidth 


om Phase margin 


2 
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TLO272, TLC272A, TLC272B, TLC277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


single-supply versus split-supply test circuits 


Because the TLC272 and TLC277 are optimized for single-supply operation, circuit configurations used 
for the various tests often present some inconvenience since the input signal, in many cases, must be 
offset from ground. This inconvenience can be avoided by testing the device with split supplies and the 
output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is shown 
below. The use of either circuit will give the same result. 
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(a) Single-Supply (b) Split-Supply 
FIGURE 1. UNITY-GAIN AMPLIFIER 
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(a) Single-Supply (b) Split-Supply 
FIGURE 2. NOISE TEST CIRCUIT 
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FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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input bias current 


Because of the high input impedance of the TLC272 and TLC277 op amps, attempts to measure the input 
bias current can result in erroneous readings. The bias current at normal room ambient temperature is 
typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions 
are offered to avoid erroneous measurements: 


1. Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 


2 


2. Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the ‘‘open-socket”’ leakage readings from the readings obtained with a device in the 
test socket. 


One word of caution . . . many automatic testers as well as some bench-top op amp testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current 
(the voltage drop across the series resistor is measured and the bias current is calculated). This method 
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an ‘‘open- 
socket’’ reading is not feasible using this method. 
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FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(JG AND P DUAL-IN-LINE-PACKAGE) 
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low-level output voltage 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output being dependent on both the common-mode input voltage 
level as well as the differential input voltage level. When attempting to correlate low-level output readings 
with those quoted in the electrical specifications, these two conditions should be observed. If conditions 
other than these are to be used, please refer to Figures 14 through 19 in the Typical Characteristics of 
this data sheet. 


input offset voltage temperature coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. 
This parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both 
the device and the test socket. This moisture will result in leakage and contact resistance which can cause 
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on 
the leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 
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full-power response 
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Full-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways... . full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a 
sinusoidal input signal until the maximum frequency is found above which the output contains significant 
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion, 
above which full peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for ‘‘’significant’’ distortion, the full-peak response is 
specified in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the 
use of a sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of 
the sinusoidal wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square 
wave of the same amplitude. The frequency is then increased until the maximum peak-to-peak output 
can no longer be maintained (Figure 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 
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(a) f = 1 kHz (b) Bom > f > 1 kHz (c) f = Bom (d) f > Bom 
FIGURE 5. FULL-POWER-RESPONSE OUTPUT SIGNAL 


test time 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short- 
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices 
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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DISTRIBUTION OF TLC272 
INPUT OFFSET VOLTAGE 


753 Amplifiers tested from 6 wafer lots 
Vpp = 5V | 
Ta = 25°C 

P Package 


-5§ -4 -3 -2-1 012 3 4 5 
Vio—Input Offset Voltage—mV 


FIGURE 6 


DISTRIBUTION OF TLC272 AND TLC277 
INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT 
60 


324 Amplifiers tested from 8 wafer lots 
Vpp = 5V 
50i Ta = 25°C to 125°C 
P Package 
Outliers: 
(1) 20.5 nV/°C 


-10-8 -6 -4-2 0 2 4 6 8 10 
avio— Temperature Coefficient—pV/°C 
FIGURE 8 


Percentage of Units—% 


Percentage of Units—% 


DISTRIBUTION OF TLC272 
INPUT OFFSET VOLTAGE 


753 Amplifiers tested from 6 wafer lots 
Vpp = 10 V 

50; Ta = 25°C 
P Package 


0 as 


-§ -4-3 -2-1 0123.4 5 
Vio—Input Offset Voltage —mV 
FIGURE 7 


DISTRIBUTION OF TLC272 AND TLC277 
INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT 


324 Amplifiers tested from 8 wafer lots 
Vpp = 10 V 

Ta = 25°C to 125°C 
P Package 

Outliers: 

(1) 21.2 pV/°C 
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FIGURE 9 
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HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


Vip = 100 mV 
Ta = 25°C 
Vpp = 16 V 


| Vip = 100 mV 


VoH—High-Level Output Voltage—V 
VoOH—High-Level Output Voltage—V 


0 -2 -4 -6 -8 -10 0 -10 -20 -30 -40 
IOH—High-Level Output Current—mA loH— High-Level Output Current—mA 
FIGURE 10 FIGURE 11 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
Vpp- 1.6 
loH = -5 mA 
Vpp-1.7 Vip = 100 mv 


Vpp-1.8 


Vpp-1.9 


Vpp - 2.0 


Vpp-2.1 


Vpp-2.2 


VoH—High-Level Output Voltage—V 


Vpp -2.3 


VoOH—High-Level Output Voltage—V 


Vpp - 2.4 


0 2 4 6 Boni 12-14 16 -75 -50-25 0 25 50 75 100 125 
Vpp—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 12 FIGURE 13 


Tt Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE 
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0 2 4 6 8 10 
Vic—Common-Mode Input Voitage—V Vic—Common-Mode Input Voltage—V 
FIGURE 14 FIGURE 15 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 


Vo_—Low-Level Output Voltage—mvV 
Vo_—Low-Level Output Voltage—mV 


0 
-75 -50 -25 0O 25 50 75 100 125 
Vip — Differential Input Voltage —V Ta—Free-Air Temperature — °C 


FIGURE 16 FIGURE 17 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LOW-LEVEL OUTPUT VOLTAGE ~ LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 
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= LARGE-SIGNAL LARGE-SIGNAL 
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FIGURE 20 FIGURE 21 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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COMMON-MODE 
INPUT BIAS CURRENT AND INPUT OFFSET CURRENT INPUT VOLTAGE POSITIVE LIMIT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
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0 
25 45 65 85 105 125 0 a8 So: 49: A238 ae 
Ta—Free-Air Temperature— °C Vpp—Supply Voltage—V 
FIGURE 22 FIGURE 23 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vo = Vpp/2 
No load 
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FIGURE 24 FIGURE 25 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 


TEXAS 4 ee 
INSTRUMENTS : 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLC272, TLC272A, TLC272B, TLC277 


LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


SLEW RATE 
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SUPPLY VOLTAGE 
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FIGURE 28 


SR—Slew Rate—V/yus 


VoH— Output Voltage—V 


SLEW RATE 
vs 
FREE-AIR TEMPERATURE 


Ay = 1 
_Vpp = 10V__ Ry = 10 ko 
Vipp = 5.5V Cy, = 20 pF 
See Figure 1 
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FIGURE 27 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 
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Ri = 10 kQ 
See Figure 1 
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FIGURE 29 
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TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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UNITY-GAIN BANDWIDTH . UNITY-GAIN BANDWIDTH 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
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TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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PHASE MARGIN PHASE MARGIN 
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SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
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TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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single-supply operation 


While the TLC272 and TLC277 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design includes an input common mode 
voltage range that encompasses ground as well as an output voltage range that pulls down to ground. 
The supply voltage range extends down to 3 V (C-suffix types), thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply 
operation is recommended. 


Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 38). The low input bias current of the TLC272 and TLC277 permits the use of very large resistive 
values to implement the voltage divider, thus minimizing power consumption. 
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The TLC272 and TLC277 work well in conjunction with digital logic; however, when powering both linear 
devices and digital logic from the same power supply, the following precautions are recommended: 


1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 


Vpp 


R3 


VREF  YOD ay + AS 
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R4 
4G = (Vrer-V1 R2 * VREF 


FIGURE 38. INVERTING AMPLIFIER WITH VOLTAGE REFERENCE 


LOGIC LOGIC LOGIC oe 
SUPPLY 


(a) Common Supply Rails 


OGIC LOGI it 
LOGIC LOG Cc SUPPLY 


(b) Separate Bypassed Supply Rails (preferred) 
FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 


TEXAS 4 ecie 
INSTRUMENTS | 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


~ TLC272, TLC272A, TLC272B, TLC277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


input characteristics 


sisiyduiy jeuoijeiodg Bw 


The TLC272 and TLC277 are specified with a minimum and a maximum input voltage that, if exceeded 
at either input, could cause the device to malfunction. Exceeding this specified range is a common problem, 
especially in single-supply operation. Note that the lower range limit includes the negative rail, while the 
upper range limit is specified at Vpp —1 V at TA = 25°C and at Vpp-—1.5 V at all other temperatures. 


The use of the polysilicon-gate process and the careful input circuit design gives the TLC272 and TLC277 
very good input offset voltage drift characteristics relative to conventional metal-gate processes. Offset 
voltage drift in CMOS devices is highly influenced by threshold voltage shifts caused by polarization of 
the phosphorus dopant implanted in the oxide. Placing the phosphorus dopant in a conductor (such as 
a polysilicon gaté) alleviates the polarization problem, thus reducing threshold voltage shifts by more than 
an order of magnitude. The offset voltage drift with time has been calculated to be typically 0.1 »V/month, 
including the first month of operation. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLC272 
and TLC277 are well suited for low-level signal processing; however, leakage currents on printed circuit 
boards and sockets can easily exceed bias current requirements and cause a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 in the 
Parameter Measurement Information section). These guards should be driven from a low-impedance source 
at the same voltage level as the common-mode input (see Figure 40). 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC272 and TLC277 result in a very low noise 
current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kQ, since bipolar devices exhibit 
greater noise currents. 


(a) Noninverting Amplifier (b) Inverting Amplifier (c) Unity-Gain Amplifier 


FIGURE 40. GUARD-RING SCHEMES 


output characteristics 


The output stage of the TLC272 and TLC277 is designed to sink and source relatively high amounts of 
current (see typical characteristics). If the output is subjected to a short-circuit condition, this high current 
capability can cause device damage under certain conditions. Output current capability increases with supply 
voltage. 


All operating characteristics of the TLC272 and TLC277 were measured using a 20-pF load. The devices 
will drive higher capacitive loads; however, as output load capacitance increases, the resulting response 
pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation (see Figure 41). 


In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 


a , ee 
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(a) Ci = 20 pF, Ry = No load (b) Cy = 130 pF, Ry = No load 


-2.5V 


< 
< 
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oe 
LE 
2 96 
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(c) C_ = 150 pF, Ry = No load (d) Test Circuit 
FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 


Although the TLC272 and TLC277 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a 
pullup resistor (RP) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First, the NMOS pull-down transistor N4 (see equivalent schematic) 
must sink a comparatively large amount of current. In this circuit, N4 behaves like a linear resistor with 
an on-resistance between approximately 60 2 and 180 Q, depending on how hard the op amp input is 
driven. With very low values of Rp, a voltage offset from O V at the output will occur. Second, pullup 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N5 is not supplying the output current. 


feedback 


Op amp circuits nearly always employ feedback, and since feedback is the first prerequisite for oscillation, 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with the 
feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 
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Cc 
R Vpp-Vo 
P mz 
lp + IL + Ip 
Ip = Pullup current required by 
the op amp (typically 500 »A) 
FIGURE 42. RESISTIVE PULLUP TO INCREASE Von FIGURE 43. COMPENSATION FOR 


INPUT CAPACITANCE 


electrostatic discharge protection 


The TLC272 and TLC277 incorporate an internal electrostatic discharge (ESD) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. 
Care should be exercised, however, when handling these devices as exposure to ESD may result in the 
degradation of the device parametric performance. The protection circuit also causes the input bias currents 
to be temperature dependent and have the characteristics of a reverse-biased diode. 


latchup 


Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC272 
and TLC277 inputs and outputs were designed to withstand — 100-mA surge currents without sustaining 
latchup; however, techniques should be used to reduce the chance of latchup whenever possible. Internal 
protection diodes should not, by design, be forward biased. Applied input and output voltage should not 
exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 yF typical) 
located across the supply rails as close to the device as possible. 
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The current path established if latchup occurs is usually between the positive supply rail and ground and 
can be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed 
the supply voltage. Once latchup occurs, the current flow is limited only by the impedance of the power 
supply and the forward resistance of the parasitic thyristor and usually results in the destruction of the 
device. The chance of latchup occurring increases with increasing temperature and supply voltages. 
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TLO272, TLC272A, TLC272B, TLC277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


10 kQ 


0.016 pF 0.016 uF 


LOW PASS 


HIGH PASS 


BAND PASS 
= R = 5 kQ (3/d-1), 


(see Note A) 


NOTES: A. d = damping factor, 1/0 
B. Normalized to 10 kQ and fg = 1 kHz 


FIGURE 44. STATE VARIABLE FILTER 


H.P. 
5082-2835 
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FIGURE 45. POSITIVE-PEAK DETECTOR 
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TLE272, TLC272A, TLO272B, TLO277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


V, (see 
Note A) 


Vo (see 
Note B) 


110 0 


NOTES: A. Vj = 3.5to 15 V 
B. Vo = 2.0V,0to1A 


FIGURE 46. LOGIC ARRAY POWER SUPPLY 


Vo (see Note A) 


Vo (see Note B) 


Lae 


fo = ] Ri 
° 4C(R2) | R3 


NOTES: A. Vopp = 8 V 
B. Vopp = 4 V 


FIGURE 47. SINGLE-SUPPLY FUNCTION GENERATOR 
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TLO272, TLC272A, TLO272B, TLC277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


+5V 


100 kQ 


R1,10 kQ 
95 kQ (see Note A) 


NOTE A: CMRR adjustment (must be noninductive). 


FIGURE 48. LOW-POWER INSTRUMENTATION AMPLIFIER 


270 pF 270 pF 


FIGURE 49. SINGLE-SUPPLY TWIN-T NOTCH FILTER 
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Trimmed Offset Voltage: 
TLC279 .. . 900 pV Max at 25 °C, 
Vpp = 5V 


@ Input Offset Voltage Drift .. . Typically 
0.1 »V/Month, Including the First 30 Days 


@ Wide Range of Supply Voltages over 
Specified Temperature Range: 
-55°C to 125°C ...4Vto 16 V 
-40°C to 85°C ...4Vto 16 V 

0°C to 70°C’....3 Vto 16 V 


® Single-Supply Operation 


@ Common-Mode Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
I-Suffix types) 


@ Low Noise... Typically 25 nV//Hz 
at f = 1 kHz 


® Output Voltage Range Includes Negative 
Rail 


High Input Impedance . . . 1012 0 Typical 
@ ESD-Protection Circuitry 


@ Small-Outline Package Option Also Available 
in Tape and Reel 


@ Designed-in Latchup Immunity 


AVAILABLE OPTIONS 


i eae SMALL CHIP CERAMIC | PLASTIC 
a pe og | OUTLINE | CARRIER DIP DIP 
(D) (FK) (J) (N) 


nog [200m | TuG27ecD | — _frucz79Gs | TLG279CN | 
[ 2mv|Tuc274acb| _— _}rucz7aacu] TLc274Bcn| 
fo, [smv|tica7aaco| __— __[Tuc27aacul TLc274acn 
Tio mv tuc27acp | _— _frucz7acy [TLca7acn | 
“poag [200nv | Tucz7a | __— __freca7auw | Tic279NN 
[ 2mv|tucz7aeip | — _}ruc27aaiy | TLc274BIN | 
woe [Sm] ticz7aai | _— __fruca7aais | TLc274aiN | 
Tio mv[tucz7aip_| — _frucz7ay_[TLca7aIn_| 


-—55°C | 900 pv ae eS TLC279MFK |TLC279MJ ee as 


The D package is available in tape and reel. Add R suffix to the device type (e.g., 
TLC279CDR). 


LinCMOS is a trademark of Texas Instruments Incorporated 


1 


2 


NC—No internal connection 


Percentage of Units—% 


TL€274, TLO274A, TLC274B, TLC279 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


D3141, SEPTEMBER 1987—REVISED AUGUST 1988 


D, J, OR N PACKAGE 
(TOP VIEW) 


FK PACKAGE 
(TOP VIEW) 


en = 
aa 
@) e) 
-Z2¢ 
2 


i} 4 IN — 


| 
= 
aa 
3 


O 
a 
rd 
1 20 


IN+ J 4 18(} 4 IN+ 


nc D5 170NC 
Vpp D6 16(] GND 
nc D7 1S()NC 
IN+ D8 1443 IN+ 


11 


= 
O 
rs 


2 IN- [Jo 
2 OUT DT 
3 OUT DT 
3 IN—- 
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DISTRIBUTION OF TLC279 
INPUT OFFSET VOLTAGE 


290 Units tested from 2 wafer lots 
VEG wee 
Ta = 25°C 

N Package | 


0 ae aes a 
-1200 -600 0 600 1200 
Vio—Input Offset Voltage— nV 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 


specifications per the terms of Texas Instruments TEXAS st 


cemeit Lie tee ieee INSTRUMENTS 


Copyright © 1987, Texas Instruments Incorporated 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


description 
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The TLC274 and TLC279 quad operational amplifiers combine a wide range of input offset voltage grades 


with low offset voltage drift, high input impedance, low noise, and speeds approaching that of general- 
purpose BiFET devices. 


These devices use Texas Instruments silicon-gate LinCMOS™ technology, which provides offset voltage 
stability far exceeding the stability available with conventional metal-gate processes. 


The extremely high input impedance, low bias currents, and high slew rates make these cost-effective 
devices ideal for applications which have previously been reserved for BiIFET and NFET products. Four offset 
voltage grades are available (C-suffix and I-suffix types), ranging from the low-cost TLC274 (10 mV) to 
the high-precision TLC279 (900 nV). These advantages, in combination with good common-mode rejection 
and supply voltage rejection, make these devices a good choice for new state-of-the-art designs as well 
as for upgrading existing designs. 


In general, many features associated with bipolar technology are available on LinCMOS™ operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC274 and TLC279. The devices also exhibit low voltage single-supply operation, making them 
ideally suited for remote and inaccessible battery-powered applications. The common-mode input voltage 
range includes the negative rail. 


A wide range of packaging options is available, including small-outline and chip carrier versions for high- 
density system applications. 


The device inputs and outputs are designed to withstand — 100-mA surge currents without sustaining 
latchup. 


The TLC274 and TLC279 incorporate internal ESD-protection circuits that prevent functional failures at 
voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised 


in handling these devices as exposure to ESD may result in the degradation of the device parametric 
performance. 


M-suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. I-suffix devices are characterized for operation from —40°C to 85°C, and C-suffix devices 
are characterized for operation from O°C to 70°C. 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


equivalent schematic (each amplifier) 


Vpp 
P3 P4 
R6 
R1 R2 
IN — ved 
P5 P6 
P1 P2 
IN + 
R5 
OUT 
N1 N6 N7 
R3 R7 
GND 
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TLO274, TLC274A, TLO274B, TLC279 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sunny voltage, vi (eo Note 1) oa PE Se es aes Ae oe eee ee 18 V 
Differential input woltege (gon Note. Zips eso Ades eo tene eee ereeipa was eo ae ee ew +VpDpD 
PUVEERE WCC Ped LOTNY SOUND ow yaaa oo he Rite vice eo ay 6 oe eae Meee es Ree -0.3 V to Vpp 
IR CURRIE oa aos oh a 6b ack RRs Aegeh  Ns eo © one, 4 RA a A eS +5 mA 
Dnt Curent: Io IBACN OUI) ogee ss rocks boc pik ve ole ve ER hg nee ogee ea eo mA 
APRS CUE USER SN a CUETO ct a. a a ak ec aN 4. 3 3c mee EE 6 -e wnp pe dee ee 45 mA 
‘Teel CUTS OE Oiler Orrin torial tare eo Te ebb eapee eee ene Wis ae edge oe aids 8 45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3).................4.4. Unlimited 
GCONtINUOUS Ota CIseH@ttOn 2.05 Sete PIN 6 lee See Wa ee ee a See Dissipation Rating Table 
2 Operating free-air temperature, Ta: M-suffix.... 2... 20.0.0... 0. ee eee eee -—§5°C to 125°C 
STL: Se nr act To Te Serre By ai Sy — 40°C to 85°C 

Na VIA rarereiny hs acs cacy ob RE sean ee O°C to: 7FO°C 

Storage temperature: ange eres a eels ns sede we eno —-65°C to 150°C 
Case tempeorture.tor-GO seconde: FR packsaG.. jo) 5 6s 6b ee bv cougar ees he 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not-exceeded (see application section). 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta, = 25°C POWER RATING POWER RATING POWER RATING 
D 950 mW 7.6 mW/°C 608 mW 


PACKAGE 


Oo 
om 
® 
=] 
o) 
La 
3 
- 
2 
> 
3 
2 
= 
® 
= 
” 


FK 1375 mW 11 mW/°C 880 mW 

J (M-suffix) 1375 mW 11 mW/°C 880 mW 
J (C-, |-suffix) 1025 mW 8.2 mW/°C 656 mW 
N 1575 mW 12.6 mW/°C 1008 mW 


recommended operating conditions 


Supply voltage, Vpp 


Vpp = 5 V 
: Paes a a ee 
ommon-mode input voltage, Vic Vpp = 10 V 
Operating free-air temperature, Ta 
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TLC274M, TLC279M 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDD = 5 V (unless otherwise noted) 


NIT 
Vo = 1.4V, Vic = OV, 
Rs = 500, RL = 10 kQ 


tic279m | YO = 1:4, 
Rs = 502, 


Average temperature coefficient 
2vio : 

of input offset voltage 
lio Input offset current (see Note 4) Vo 
lip Input bias current (see Note 4) Vo 


Common-mode input 
voltage range (see Note 5) 


TLC274M 


5 
< 


Bo) 
> 


2.5 V, 


— 


2 


High-level output voltage 100 mV, 


Low-level output voltage Vip = —100 mV, 


3 
< 


Large-signal differential 


etapa Vo = 0.25 V to2 V, 
voltagé amplification 


Operational Amplifiers 


Common-mode rejection ratio Vic = VICR min 


Supply-voltage rejection ratio 

ai aa: Ta ae Vpp = 5 V to 10 V, 
(AVpp/AVio) 
Supply current Vo = 2.5 V, 
(four amplifiers) No load 


3 
> 


UNIT | 
eee 
a 
ee 
| 


T Full range is —55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC274M, TLC279M 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 10 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
= = OV, BS Risa ae 
TLC274M 
ote - 509, - Full ange] i 
Vo = 1.4V, Vv 25°C 370 1200 
= 10k _[Fullrange| 4300 | 


Average temperature coefficient 25°C to vec 
of input offset voltage 125°C 5 
Input offset current (see Note 4) V °C eee 2 eee 

‘ ee ie sie 
Input bias current (see Note 4) 


Common-mode input 
voltage range (see Note 5) 


ViO Input offset voltage 


2 


High-level output voltage 100 mV, 


Vip = —100 mV, lol = O 


Low-level output voltage 


Large-signal differential 
sie on ‘ Vo = 1Vt0o 6YV, 
voltage amplification 


sisyyduy jeuoineissdg 


Common-mode rejection ratio Vic = Vicr min 


Supply-voltage rejection ratio 


Vpp = 5Vto10V, Vo = 1.4V 
(AVpp/AVio) ae - 


Supply current 
(four amplifiers) 


| 
Ol] NO 
on, ol 
° ° 
O1O 
< 3 
5 < < < 
= < 


T Full range is —55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC2741, TLC274Al, TLC274Bl, TLC2791 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


jruca7a | Vo = 1.4V, Vic = OV, ele: SS eee Sees 
TLC274I 
Rg = 509, Ro ioK [Faeroe] 8] 
Vo = 1a4V, Vewew ol oe | oe ST 
Vio __— Input offset voltage i Sarai RL = ‘~ a Les 
ERE Seer 
Rg = 5080 a oe r eet ae 
-sigzaa.| vO" sea | asec [320900 | * 
= 509, nia: poe ae 


2 


Average temperature coefficient 25°C to V/°C 
of input offset voltage 85°C i 
piu i ee ees 
24 1000 
ae ane case 
l Input bias ent (see Note 4 Vo = 2.6 V, Vic = 2.5 V 
1B pu 1 current (see ) '@) ic 200 2000 


Input offset current (see Note 4) | Vo = 2.5 V, Vic = 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage = 100 mV, 


Operational Amplifiers 


Low-level output voltage Vip = —100 mV, lo. = 0 


Large-signal differential 
Avpb ites Seo Se Vo = 0.25Vto2V, RL = 10 kO V/mV 
voltage amplification 


os a “OE 


kee 
be. 
= 
a 


NO 
or 

° 
oO 
122) 
or 
ies) 
o 


Common-mode rejection ratio Vic = ViICR min -—40°C 60 81 
60___86 


Supply-voltage rejection ratio 
(AVpp/AVjo) 


Vpop = 5Vto 10 V, 


Supply current 
(four amplifiers) 


T Full range is — 40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC2741, TLC274Al, TLC274Bl, TLC2791 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDD = 10 V (unless otherwise noted) 


MIN TYP MAX | UNIT 
7 


25°C 370 1200 
= 10 kQ 


Average temperature coefficient 2 V/°C 
a 
VIO of input offset voltage . 
| Input offset Note 4 Vo = 5V, BERS ROS 
10 nput offset current (see Note 4) @) 26 1000 
| 
lip Input bias current (see Note 4) Vo = 5V, 
-0.3 


220 2000 
Common-mode input 


voltage range (see Note 5) 


Vo = 14, So ese SAR 
Rs = 500, bs Ree eae 
Vo = 14V, oe 


= 50 2, Full range 
Vio Input offset voltage = 


390 2000 


n n 
c c 
= = 
® a 
| s 
a a 
© o 


2 


High-level output voltage 100 mV, 


sisipduiy jeuoineiodg 


Low-level output voltage Vip = —100 mV, 


Large-signal differential 


Vo =TVto6V, 
voltage amplification 0 


Common-mode rejection ratio Vic = VicrR min 


Supply-voltage rejection ratio Vpp = 5 V to 10V, 
(AVpp/AVIio) 
Supply current Vo = 5V, 
(four amplifiers) No load 


T Full range is —40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC274C, TLC274AC, TLC274BC, TLC279C 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


Vo = 1.4 V, Vic = OV, 
Rs = 509, Rt = 10 kQ 
Vo = 1.4V, Vic = OV, 
Rs = 509, R_ = 10 kQ 
Vic = OV, 
R_ = 10 kQ 
Vic = OV, 
Rt = 10 kQ 


TLC274C 


TLC274AC 
ViO Input offset voltage 
TLC274BC 


TLC279C 
Average temperature coefficient 
a 
Vio of input offset voltage 
lio Input offset current (see Note 4) Vo = 2.5 V, Vic = 2. 
iB Input bias current (see Note 4) Vo = 2.5 V, Vic = 2. 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage 100 mV, 


~” 
hoa 
2 
a 
E 
z 
ro 
c 
©) 
‘~ 
4] 
tho 
® 
. 
@) 


Low-level output voltage Vip = —100 mV, 


Large-signal differential 


LPR Vo = 0.25 Vto2V, 
voltage amplification 


Common-mode rejection ratio Vic = ViCR min 


Supply-voltage rejection ratio 
Beitg ei Vpp = 5 V to 10 V, 
(AVpp/AVjo) 
Supply current Vo = 2.5 V, 
(four amplifiers) No load 


T Full range is O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. ; 
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TL€274C, TLC274AC, TLC274BC, TLO279C 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDD = 10 V (unless otherwise noted) 


: 

Vo =14V, Vicwov. | see] tr 10" 
Rg = 509, RL=10K0 _[Fullrange| 12 

Vo = 1.4V, YosOy ieee, oss}. 
Vio —_siInput offset voltage a Beth A Be i J es Ce 
Vo = 1.4V, Vic = OV, 
Rg = 509, Psi eae rage | | 9000 | 

: = .. 
- 500, ee oo 


Average temperature coefficient Ee to V/°C 
inna input offset voltage 70°C . 
aa a 
Input offset current (see torr 4) | Vo = Vic = a 
ert Ba TS 2 
Doe or ee ee cs 


\ 


Common-mode input 


9 9.2 
voltage range (see Note 5) -0.2 
8.5 


High-level output voltage 100 mV, RL = V 

Hae 2 RNS 
Low-level output voltage Vip = —100 mV, Be? eae eee mV 

poe em 8 | 
Large-signal differential eS a ae 
voltage amplification Mg ate Bin, 7, V/mV 

PERC: 2 ie nee aad 

2c: (Re 
Common-mode rejection ratio Vic = VICR min 
reine og rejection ratio Vpp = 5 V to 10,V, as z z 

i 708) 00 
Supply current Vo =5V = 

i ONS a eee 

Foca ae ae 


2 


sisiyduy jeuoiei0dg 


(four amplifiers) No load 


T Full range is O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC274M, TLC279M 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, Vpp = 5 V 


_ PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


eect ae 
Vipp = 1V 

SC SE 

m 


RL = 10 kQ, 
CL = 20 pF, 


SR Slew rate at unity gain 


| WS Da eae 

; See Figure 1 
ox Viee = 
Ey ol a WSs 


f = 1 kHz, 
See Figure 2 


Vn Equivalent input noise voltage 


Bom Maximum output swing bandwidth 


= 100 Q, 
cee 


25°C | 20 

Pana SS ee 

Fi 1 

si ee fee 
2 ie 


°C 
alr Guan sca ef ae | 


By Unity-gain bandwidth See Figure 3 
aoe ORE Rese 

2S | ERT 
P=sec| a 
JER RE CESS 


Vj; = 10 mV, f = By, 
CL = 20 pF, See Figure 3 


om Phase margin 


operating characteristics, VpDp = 10 V 


V =1V 


SR Slew rate at unity gain Ci = 20 pF, 
See Figure 1 
Vipp = 5.5 V 


125°C 
f = 1 kHz, Rs = 100 9, 
Vn Equivalent input noise voltage . : : 
See Figure 2 


Vo = VOH: CL = 20 pF, 


B Maximum output swing bandwidth 
me ane cts. em) RL = 10-k0, See Figure 1 


Vj; = 10 mV, 
See Figure 3 


By Unity-gain bandwidth 


om Phase margin 


% 


2 
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TLO2741, TLC274Al, TLC274Bl, TLC2791 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, Vpp = 5 V 


RL = 10 ka, 


SR Slew rate at unity gain Ci = 20 pF, 
See Fi 1 
ee Figure Vipp = 2.5 V 


iP 
f = 1 kHz, Rs = 1002, 


V Equivalent input noise voltage 
n 9 P ’ See Figure 2 


2 


Bom Maximum output swing bandwidth 


= 10 kQ, See Figure 1 


B Unity-gain bandwidth i bieltig 
nity-gain Danaqwi 
L v9 See Figure 3 
= Bt, 


Ph i 
m eee ere See Figure 3 


operating characteristics, Vpp = 10 V 


RL = 10 kQ, 
SR Slew rate at unity gain CL = 20 pF, 
See Figure 1 


sioiyduy jeuoineiodg 


=° 1 ktiz, 


V Equivalent input noise voltage 
“4 z r . See Figure 2 


Vo = VOH. 
RL = 10 kQ, 


Bom Maximum output swing bandwidth 


= 10 mV, 


B Unity-gain bandwidth 
' eyes See Figure 3 


om Phase margin 
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TLC274C, TLC274AC, TLO274BC, TLC279C 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, VpDp = 5 V 


PARAMETER TEST CONDITIONS ee MIN TYP MAX | UNIT 


AS Fore ViPP = SNRREIECESIY car sara 
7 gtr che! eee of 4 
SR Slew rate at unity gain Cy = 20 pF, pig reat V/ps 
See Figure 1 


ec a 
ViPP = Bc 
f = 1 kHz, = 100 Q, 
Vn Equivalent input noise voltage F 25°C nV/./Hz 
See Figure 2 


26 | 5) 320. 
20 = “OH: Bee ARs cs et 
oan pee 5 a 


Bom Maximum output swing bandwidth 


Vi = 10 mV, 
B,  Unity-gain bandwidth $25. oe 
See Figure 3 
goon 
; Se 
Phase margin 
?m 9 See Figure 3 


operating characteristics, VDp = 10 V 


PARAMETER TEST | ss TESTCONDITIONS sis 


V 
SR Slew rate at unity gain Ci = 20 oF, 
See Figure 1 
VIPP = 


f = 1 kHz, = 1000, 
See Figure 2 


TYP MAX 


Operational Amplifiers By 


Vn Equivalent input noise voltage 


3 Maximum output swing bandwidth Yo > Vow CL = 20 pF, 
ai : i = 10 kQ, See Figure 1 
B Unity-gain bandwidth re 
nity-gain bandwi 
nS See Figure 3 
f = By, 


Phase margin 
%m 2 See Figure 3 


~~ Nh Nh 
o;o|n o 
o}| of o ° 
aQ;O;oO all 38 Iélalalalalc 
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TLO274, TLC274A, TLC274B, TLC279 — 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


single-supply versus split-supply test circuits 


Because the TLC274 and TLC279 are optimized for single-supply operation, circuit configurations used 
for the various tests often present some inconvenience since the input signal, in many cases, must be 
offset from ground. This inconvenience can be avoided by testing the device with split supplies and the 
output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is shown 
below. The use of either circuit will give the same result. 
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FIGURE 1. UNITY-GAIN AMPLIFIER 
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(a) Single-Supply (b) Split-Supply 
FIGURE 2. NOISE TEST CIRCUIT 
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FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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input bias current 


Because of the high input impedance of the TLC274 and TLC279 op amps, attempts to measure the input 
bias current can result in erroneous readings. The bias current at normal room ambient temperature is 
typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions 
are offered to avoid erroneous measurements: 


1. lsolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 
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2. Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the ‘‘open-socket’’ leakage readings from the readings obtained with a device in the 
test socket. 


One word of caution . . . many automatic testers as well as some bench-top op amp testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current 
(the voltage drop across the series resistor is measured and the bias current is calculated). This method 
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an ‘‘open- 
socket’’ reading is not feasible using this method. 
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FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(J AND N DUAL-IN-LINE-PACKAGE) 
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low-level output voltage 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output being dependent on both the common-mode input voltage 
level as well as the differential input voltage level. When attempting to correlate low-level output readings 
with those quoted in the electrical specifications, these two conditions should be observed. If conditions 
other than these are to be used, please refer to Figures 14 through 19 in the Typical Characteristics of 
this data sheet. 


input offset voltage temperature coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. 
This parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both 
the device and the test socket. This moisture will result in leakage and contact resistance which can cause 
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on 
the leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 
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full-power response 


Full-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways. . . full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a 
sinusoidal input signal until the maximum frequency is found above which the output contains significant | 
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion, 
above which full peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for ‘‘significant’’ distortion, the full-peak response is 
specified in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the 
use of a sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of 
the sinusoidal wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square 
wave of the same amplitude. The frequency is then increased until the maximum peak-to-peak output 
can no longer be maintained (Figure 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 
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(a) f = 1 kHz (b) Bom > f > 1 kHz (c) f = Bom (d) f > Bom 
FIGURE 5. FULL-POWER-RESPONSE OUTPUT SIGNAL 


test time 
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Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short- 
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices 
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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DISTRIBUTION OF TLC274 
INPUT OFFSET VOLTAGE 
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Vpp = 5V 
Ta = 25°C 
N Package 
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FIGURE 6 


DISTRIBUTION OF TLC274 AND TLC279 
INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT 
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FIGURE 8 


Percentage of Units—% 


Percentage of Units—% 


DISTRIBUTION OF TLC274 
INPUT OFFSET VOLTAGE 


753 Amplifiers tested from 6 wafer lots 
Vpp = 10 V 
Ta = 25°C 
N Package 


-5 -4-3 -2-1 0123 4 § 


Vio—Input Offset Voltage—mV 
FIGURE 7 


DISTRIBUTION OF TLC274 AND TLC279 
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INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT 


324 Amplifiers tested from 8 wafer lots 
Vpp = 10 V 

Ta = 25°C to 125°C 
N Package 

Outliers: 

(1) 21.2 pV/°C 


avio— Temperature Coefficient—pV/°C 
FIGURE 9 
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TYPICAL CHARACTERISTICSt 


HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


Vip = 100 mV 
Ta = 25°C 


Vip = 100 mV 
| Ta = 25°C 


VDD = 


VOH— High-Level Output Voltage —V 
VOH—High-Level Output Voltage—V 
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IoOH—High-Level Output Current—mA loH— High-Level Output Current—mA 
FIGURE 10 FIGURE 11 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
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Vpp—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 12 FIGURE 13 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE 
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300 250 
0 2 4 6 8 10 
Vic—Common-Mode Input Voltage—V Vic—Common-Mode Input Voltage—V 
FIGURE 14 FIGURE 15 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 


lol = 5mA 
Vic = |Vip/2) 


Vo_—Low-Level Output Voltage—mV 
Vo_—Low-Level Output Voltage—mV 


0 
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Vip — Differential Input Voltage —V Ta—Free-Air Temperature— °C 


FIGURE 16 FIGURE 17 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICST 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 
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VoL—Low-Level Output Voltage—V 
Vo_—Low-Level Output Voltage—V 
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°5 5 10 15 20 25 30 
lo_—Low-Level Output Current—mA lo_—Low-Level Output Current—mA 
FIGURE 18 FIGURE 19 
LARGE-SIGNAL LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Ta = -—55°C 


= pie 


Avp-— Differential Voltage Amplification—V/mV 
Avp-— Differential Voltage Amplification—V/mV 


0 
0 2 4 6 St107 12 14 16 -75-50 -25 O 25 50 75 100 125 
Vpp—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 20 FIGURE 21 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 
COMMON-MODE 


INPUT BIAS CURRENT AND INPUT OFFSET CURRENT INPUT VOLTAGE POSITIVE LIMIT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
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25 45 65 85 105 =: 125 16 
Ta—Free-Air Temperature— °C pbs ship Jonata Vv 
FIGURE 22 FIGURE 23 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
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TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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SLEW RATE SLEW RATE 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
: | Ay = 1 
= V =m 
ee Te | Vpp = 10V _ Ry = 10k 
ipp = 1V 
‘ CL = 20 pF 4 ERE P ES — are 1 
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| See Figure 1 | 
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Vpp-—Supply Voltage—V Ta—Free-Air Temperature— °C 
FIGURE 26 FIGURE 27 
NORMALIZED SLEW RATE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 
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FIGURE 28 FIGURE 29 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
3.0 
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FIGURE 30 FIGURE 31 5 
2. 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE oO 
AMPLIFICATION AND PHASE SHIFT AMPLIFICATION AND PHASE SHIFT 
vs vs 
FREQUENCY FREQUENCY 
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FIGURE 32 FIGURE 33 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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C_—Capacitive Load—pF 
FIGURE 36 
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PHASE MARGIN 
vs 
FREE-AIR TEMPERATURE 
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Vpp = 5V 
Vi = 10 mV 
CL = 20 pF 
See Figure 3 
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FIGURE 35 
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EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 


Vpp = 5V 
Rs = 100 2 
Ta = 25°C 
See Figure 2 
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FIGURE 37 


Vn—Equivalent Input Noise Voltage—nV//Hz 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL APPLICATION DATA 


single-supply operation 


While the TLC274 and TLC279 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design includes an input common mode 
voltage range that encompasses ground as well as an output voltage range that pulls down to ground. 
The supply voltage range extends down to 3 V (C-suffix types), thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply 
operation is recommended. 


Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 38). The low input bias current of the TLC274 and TLC279 permits the use of very large resistive 
values to implement the voltage divider, thus minimizing power consumption. 
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The TLC274 and TLC279 work well in conjunction with digital logic; however, when powering both linear 
devices and digital logic from the same power supply, the following precautions are recommended: 


1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 


Vpp 


R3 
Vrer = Yop Rl + RS 
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Vo= (vaer-V1) Fo Ra? VREF 


FIGURE 38. INVERTING AMPLIFIER WITH VOLTAGE REFERENCE 
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(a) Common Supply Rails 
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(b) Separate Bypassed Supply Rails (preferred) 
FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 
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TYPICAL APPLICATION DATA 


input characteristics 


The TLC274 and TLC279 are specified with a minimum and a maximum input voltage that, if exceeded 
at either input, could cause the device to malfunction. Exceeding this specified range is a common problem, 
especially in single-supply operation. Note that the lower range limit includes the negative rail, while the 
upper range limit is specified at Vpp —1 V at TA = 25°C and at Vpp—1.5 V at all other temperatures. 


The use of the polysilicon-gate process and the careful input circuit design gives the TLC274 and TLC279 
very good input offset voltage drift characteristics relative to conventional metal-gate processes. Offset 
voltage drift in CMOS devices is highly influenced by threshold voltage shifts caused by polarization of 
the phosphorus dopant implanted in the oxide. Placing the phosphorus dopant in a conductor (such as 
a polysilicon gate) alleviates the polarization problem, thus reducing threshold voltage shifts by more than 
an order of magnitude. The offset voltage drift with time has been calculated to be typically 0.1 »V/month, 
including the first month of operation. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLC274 
and TLC279 are well suited for low-level signal processing; however, leakage currents on printed circuit 
boards and sockets can easily exceed bias current requirements and cause a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 in the 
Parameter Measurement Information section). These guards should be driven from a low-impedance source 
at the same voltage level as the common-mode input (see Figure 40). 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC274 and TLC279 result in a very low noise 
current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kQ), since bipolar devices exhibit 
greater noise currents. 


(a) Noninverting Amplifier (b) Inverting Amplifier (c) Unity-Gain Amplifier 
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FIGURE 40. GUARD-RING SCHEMES 
output characteristics 


The output stage of the TLC274 and TLC279 is designed to sink and source relatively high amounts of 
current (see typical characteristics). If the output is subjected to a short-circuit condition, this high current 


capability can cause device damage under certain conditions. Output current capability increases with supply 
voltage. 


All operating characteristics of the TLC274 and TLC279 were measured using a 20-pF load. The devices 
will drive higher capacitive loads; however, as output load capacitance increases, the resulting response 
pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation (see Figure 41). 


In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 
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TYPICAL APPLICATION DATA 
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(a) C_ = 20 pF, Ry = No load (b) Cy = 130 pF, Ri = No load 
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(c) Cy, = 150 pF, Ry = No load (d) Test Circuit 
FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 


Although the TLC274 and TLC279 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a 
pullup resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First, the NMOS pull-down transistor N4 (see equivalent schematic) 
must sink a comparatively large amount of current. In this circuit, N4 behaves like a linear resistor with 
an on-resistance between approximately 60 2 and 180 Q, depending on how hard the op amp input is 
driven. With very low values of Rp, a voltage offset from O V at the output will occur. Second, pullup 


resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voitage levels where 
N5 is not supplying the output current. 


feedback 


Op amp circuits nearly always employ feedback, and since feedback is the first prerequisite for oscillation, 
some caution is appropriate. Most ascillation problems result from driving capacitive loads (discussed 
previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with the 
feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 
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TYPICAL APPLICATION DATA 


Res Vpp-Vo 
Ip + i + Ip 
Ip = Pullup current required by 
the op amp (typically 500 ,»A) 
FIGURE 42. RESISTIVE PULLUP TO INCREASE Vow FIGURE 43. COMPENSATION FOR 


INPUT CAPACITANCE 


electrostatic discharge protection 


The TLC274 and TLC279 incorporate an internal electrostatic discharge (ESD) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. 
Care should be exercised, however, when handling these devices as exposure to ESD may result in the 
degradation of the device parametric performance. The protection circuit also causes the input bias currents 
to be temperature dependent and have the characteristics of a reverse-biased diode. 


latchup 


Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC274 
and TLC279 inputs and outputs were designed to withstand — 100-mA surge currents without sustaining 
latchup; however, techniques should be used to reduce the chance of latchup whenever possible. Internal 
protection diodes should not, by design, be forward biased. Applied input and output voltage should not 
exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 uF typical) 
located across the supply rails as close to the device as possible. 


sisipyduiy jeuoneisdg BW 


The current path established if latchup occurs is usually between the positive supply rail and ground and 
can be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed 
the supply voltage. Once latchup occurs, the current flow is limited only by the impedance of the power 
supply and the forward resistance of the parasitic thyristor and usually results in the destruction of the 
device. The chance of latchup occurring increases with increasing temperature and supply voltages. 
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TYPICAL APPLICATION DATA 


10 kQ 


0.016 uF 


LOW PASS 


HIGH PASS 


BAND PASS 
= R = 5 kQ (3/d-1), 


(see Note A) 


NOTES: A. d = damping factor, 1/Q 
B. Normalized to 10 kQ and f, = 1 kHz 


FIGURE 44. STATE VARIABLE FILTER 
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FIGURE 45. POSITIVE-PEAK DETECTOR 
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TLO274, TLC274A, TLC274B, TLC279 
LinCMOS™ PRECISION QUAD OPEATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


NOTES: A. Vj = 3.5 to 15 V 
B. Vo = 2.0V,0to1A 


FIGURE 46. LOGIC ARRAY POWER SUPPLY 


Vo (see Note A) 


si9ipyduiy jeuonessdg 


Vo (see Note B) 


1 [R1 
fr oe <eentose | Oe 
0” 4CiR2) [Bs 


NOTES: A. Vopp = 8 V 
B. Vopp = 4 V 


FIGURE 47. SINGLE-SUPPLY FUNCTION GENERATOR 


Texas WW 
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Vo (see 
Note B) 


110 2 


TLC274, TLC274A, TLO274B, TLC279 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


+5 V 


Vi- 
100 kQ 
Vo 
10 kf 
R1,10 kQ 
95 kQ (see Note A) 
Vi+ 


NOTE A: CMRR adjustment (must be noninductive). 


FIGURE 48. LOW-POWER INSTRUMENTATION AMPLIFIER 


R 
10 mQ 


10 MQ 
vi 


270 pF 270 pF 


FIGURE 49. SINGLE-SUPPLY TWIN-T NOTCH FILTER 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


D3139, OCTOBER 1987—REVISED AUGUST 1988 


@ Trimmed Offset Voltage: D, JG, OR P PACKAGE 
TLC27L7 . .. 500 pV Max at 25°C, (TOP VIEW) 
Vpp = 5V 


@ Input Offset Voltage Drift . . . Typically 
0.1 »V/Month, Including the First 30 Days 


@ Wide Range of Supply Voltages over 


Specified Temperature Range: FK PACKAGE 
-55°C to 125°C ....4Vto 16 V (TOP VIEW) 
-~40°C to 85°C ...4Vto 16 V | a 
0°C to 70°C...3 Vto 16 V ra a 
es 
@ Single-Supply Operation 2 
3 2 1 2019 


@® Common-Mode Input Voltage Range 


Extends Below the Negative Rail (C-Suffix, NC ae NC Si 
I-Suffix types) tans 2 OUT 2 
NC U6 16L]NC = 
@ Ultralow Power... Typically 95 »W at 1 IN+ 15[} 2 IN— e 
25°C, Vpp = 5V NC 14(}NC = 
@ Output Voltage Range Includes Negative < 
Rail OO: 0:40 = 
ee. = © 
High Input Impedance . . . 1012 Q Typical a hia = 
ESD-Protection Circuitry NC —No internal connection = 
@ Small-Outline Package Option Also Available © 
in Tape and Reel ra} 

@ Designed-in Latchup Immunity 

AVAILABLE OPTIONS DISTRIBUTION OF TLC27L7 


INPUT OFFSET VOLTAGE 


30 Hs : 
Ta SMALL CHIP CERAMIC PLASTIC 335 Units tested from 2 wafer lots 
OUTLINE CARRIER DIP DIP Ver we 5° ae 
(FK) (JG) e 71 Ta = 25°C ee aay See 
$ | P Package _ | 
0°C 2 20 — 
to — 
70°C S as 
® 
40 °c| 200 HV [TLC27L71D & 
wo 2 mV_{TLC27L2BID S 10 
ee | 5 mV |TLC27L2AID F 
| 10 mV |TLC27L2ID E 
to re) 
125°C ee Ge -800 -400 ) 400 800 
The D package is available taped and reeled. Add R suffix to the device type (e.g., Vio—Input Offset Voltage—pV 


TLC27L7CDR). 


LinCMOS is a trademark of Texas Instruments Incorporated 


PRODUCTION DATA documents contain information . Copyright © 1987, Texas Instruments Incorporated 

pe she of rag yc date. He pose ——- “ TEXAS ip 

specifications per the terms of Texas Instrumen 2-607 
standard warranty. Production processing does not 

necessarily include testing of fi parameters. . INST RUM ENTS 
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TLE27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


description 


siaiduiy jeuojes2dC FN 


N 
The TLC27L2 and TLC27L7 dual operational amplifiers combine a wide range of input offset voltage grades 
with low offset voltage drift, high input impedance, extremely low power, and high gain. 


These devices use Texas Instruments silicon-gate LinCMOS™ technology, which provides offset voltage 
stability far exceeding the stability available with conventional metal-gate processes. 


The extremely high input inipedance, low bias currents, and low power consumption make these cost- 
effective devices ideal for high gain, low frequency, low power applications. Four offset voltage grades 
are available (C-suffix and I-suffix types), ranging from the low-cost TLC27L2 (10 mV) to the high-precision 
TLC27L7 (500 nV). These advantages, in combination with good common-mode rejection and supply 
voltage rejection, make these — a good choite for new state-of-the-art designs as well as for upgrading 
existing designs. 


In general, many features associated with bipolar technology are available on LincMOs™ operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC27L2 and TLC27L7. The devices also exhibit low voltage single-supply operation and ultra- 
low power consumption, making them ideally suited for remote and inaccessible battery-powered 
applications. The common-mode input voltage range includes the negative rail. 


A wide range of packaging options is available, including small-outline and chip carrier versions for high- 
density system applications. 


The device inputs and outputs are designed to withstand — 10Q-mA surge currents without sustaining 
latchup. 


The TLC27L2 and TLC27L7 incorporate internal ESD-protection circuits that prevent functional failures 
at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be 
exercised in handling these devices as exposure to ESD may result in the degradation of the device 
parametric performance. 


M-suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. I-suffix devices are characterized for operation from —40°C to 85°C, and C-suffix devices 
are characterized for operation from O°C to 70°C. 
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TLO27L2, TLO27L2A, TLC27L2B, TLC27L7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


equivalent schematic (each amplifier) 


P3 P4 
ag 


R1 R2 


P1 P2 


OUT 


GND 
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TLO27L2, TLC27L2A, TLO27L2B, TLC27L7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


{ETRE DORA A ERTS AT SPADE IS RRA LNT LITRE UR te gS SE TG IS AS GS TASS RN I NSE EE TAS AS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sunoly VOlede. Ver (600 NOtG-4).0- De ccc ts ecw d eee ieee. eae 18 V 
DITP@F@Nitiis TERED MONTAOG AGRO Nite 2 i nan co og hia nb ida 0 on beads 0b 0 oon Sobre che ows +Vpp 
iNT VOrnBoe-roriie,- Vi WOT MIE 8s bo ate dike, CR se vs eC eee bee -0.3 V to Vpp 
UE CANTON Mh cee sn oe ee Re rE Bn Se ee +5 mA 
CAUSE: COPTIIIL, SC a CENT TORICOIE rag acer}. sy beac e a oie fe ws WA aw wd Abe ae eb +30 mA 
SCO CURTIRINE 1IN TG a RTINIINIG iz rt ne whe coc once S Grace 0, 04 Wed SpE ecw Bl nageue 9 eS eee 45 mA 
TORR CUTPONE OLE Or CrmeiiGl TRITTINNE Go, el hc 5 so sade Ce oe oh lasy Sk eee 4 as EES ne ces Sere 45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3).................... Unlimited 
GOntmuGus: tOtar Grsmermtion:, 2 2% aeiveetd teh ns ek Sate ce ees a See Dissipation Rating Table 
Operating free-air temperature, TA: M-suffix.... 2... 20.0.0... ec ee ees — 55°C to 125°C 

PANTER his ge eee ee ee ee a -— 40°C to 85°C 

Ge oe PLP Se cee SOR ee earn 9 PA anime 0°C to 70°C 
OTAGO SEITDMF ATS -TANOG <0 ete pers os Re ode nye se a ens ae ae -—65°C to 150°C 
Case tempeiature tor GO seconde: (FR packaee .).3..... ee rece oe ie ew ee ee eke eae 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWERRATING POWERRATING POWER RATING 
D 725 mW 5.8 mW/°C 


PACKAGE 


siayyduy jeuojeisdg BW) 


FK 1375 mW 11 mW/°C 

JG (M-suffix) 1050 mW 8.4 mW/°C 
JG (C-, |-suffix) 825 mW 6.6 mW/°C 
P 1000 mW 8.0 mW/°C 


recommended operating conditions 


Common-mode input voltage, Vic 


Operating free-air temperature, Ta ac. ees) ee. Sh Se a Os Be 
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TLC27L2M, TLC27L7M 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 
Vo = 1.4V, Vic = OV, 25°C Sie mex: 
bE AR Ic P 26°C | 
Rs = 50 0, RL = 1 Mo as ea ae Fe 
Vio Input offset voltage 
ge ogy [2596 | | 170-600. 
TLC27L7M 
= 1M0Q Full range 3750 


Average temperature coéfficient 25°C to 
of input offset voltage 125°C 


ae a 
on 


25° 
lip Input bias current (see Note 4) Vo = 2.5 V, Vic = 2.5 V 125° 


25°C 


2 


Common-mode input 
voltage range (see Note 5) 


aoe 
+655° 
tZe" 
25° 
- 65° 
125° 
25° 
-§5° 
125° 
25° 
Vic = ViICR min - 565° 
125° 


High-level output voltage 


Low-level output voltage Vip = ~100 mV, lo. = 0 


Large-signal differential 


Le Vo = 0.25Vto2V, R, = 1 MQ 
voltage amplification 


VimV 


Operational Amplifiers 


Common-mode rejection ratio 
60 


70 

60 

60 
T Full range is —55°C to 125°C. 


NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 


Supply-voltage rejection ratio 


Vpp = 5 V to 10 V, 
(AVpp/AVio) as 


=~65° 
Tao” 


Supply current Vo = 2.5 V, 


-55° 
(two amplifiers) No load 


125° 


== 
Cc 
N ND Gy 
o o S 
° o 
EET a 
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TLC27L2M, TLO27L7M 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 10 V (unless otherwise noted) 


Rs = 


2 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage 100 mV, 


Low-level output voltage Vip = —100 mV, 


Large-signal differential 


rere Vo = 1Vto6V, 
voltage amplification 


sidipjduiy jeuonesodg 


Common-mode rejection ratio Vic = VicR min 


Ss ly-voltage rejection ratio 

aM Sees eta GA: Vpp = 5 Vto 10 V, 
(AVpp/AVIo) 
Supply current 
(two amplifiers) 


tT Full range is —55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLOE27L2C, TLC27L2AC, TLC27L2BC, TLC27L7C 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 10 V (unless otherwise noted) 


fricena Vo = 14, Vic=OV, | 25¢¢] 1.1 ‘10 
TLC27L2I 
Rs = 50 9, RL = 1 MQ emmogey IE 
Vo = 14V, Vic=0v, | 25°c] 09 61 
Vio __ Input offset voltage Mow BE i. Raab 
Vo = 1A4V, Vic=0v, | _26°c | 235 2000 | 
Rs = 509, PL=1Ma  |Fullrenge| —-3600| 
Pheer | oe Vic = OV, ; 
Rs = 509, PL =1Mo __|Fullrange| 2900 | 
Average temperature coefficient 25°C to Pe 
te ewerenimione [vores werty Pat — Emel 
-0.3 
: 
Common-mode input 9.2 
voltage range (see Note 5) -0.2 
7 
8.5 
High-level output voltage 100 mV, 7.8 8.9 
76° 89 
Saeco ee 
Low-level output voltage Vip = —100 mV, ae[ a] ow 
TS ee eee 
Large-signal differential 
Avp ates Vo = 1V to 6V, P=40%c | 60 1650] vimv 
voltage amplification Pease | BO BOB 
Common-mode rejection ratio Vic = VicR min 60 97 a 
Nee Sas 70-97 
dle BG rejection ratio Vpp = 5V to 10V, Hae a hb 3 a a 
Ba aches 
Ph a | AOE F 
Supply qurrent Hoare cpa HA 
(two amplifiers) No load et ee ad 8 


T Full range is —40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27L21, TLC27L2Al, TLC27L2Bi, TLC27L71 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air tempefature, Vp>p = 10 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


TLC27L21 
TLC27L2AI 


TLC27L2BI 


mV 


Vio Input offset voltage 


c c c 
ml }mll~ | wlo ty 
Sislalslols io 
dl2|d/a|d|a}c 
© © © 
a, 
8 “ 


= = es 4 v, Sia 
='sa0_ ([eawtahgs | a0 
peereae temperature coefficient 25°C to 
Peta | we 
Input offset current (see Note 4) Vic = 


lip Input bias current (see Note 4) Vic = 


oO 
= 
. 
< 
~ 
° 
2) 


N 
o 
oad 
8 
oO 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage Vip = 100 mV, 


2) 
2) 
® 
=] 
g) 
eo. 
3 
5 
a 
3 
2. 
ah 
® 
= 
Oo 


Low-level output voltage Vip = —100 mV, lo. = 0 


Large-signal differential 
voltage amplification 


Vo = 1Vto6V, 


Common-mode rejection ratio Vic = Vicr min 60 97 
85°C 60 98 


25°C 70 97 


Supply-voltage rejection ratio 
(AVpp/AVio) 


5Vto 10 V, 


| 
b 
© 
° 
: 
® 
: 
© 
~ 


VDD = 


60 98 
ro Supply cuprpnet 49 86 
apie ier Pee ae | 


T Full range is —40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27L21, TLC27L2Al, TLC27L2Bi, TLC27L71 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Vo=t4V, Vic = OV, i GSaBar aes 
TLC27L2¢-~4 .° Ic = 0 
Rg = 50 2, RL = 1 MQ eas a 
= TAY, z oe aX: 
TLC27L2AC Lee 
V Input offset voltage eanane a : = Fullrange}| S| 
Dope Y loleostcan.| 0 48M Vic = 204 2000 
Rg = 50 9, A = 1 MO Fullrange| 3000 | 
TLC27L7¢ ao = 1.4, = Be RR 
=1Ma [Fall range ee 


Average temperature coefficient 25°C to V/°C 
of input offset voltage a 4 


zZ 


Input offset current (see Note 4) = 2.5 V, Vic = 2.5 V 


lip Input bias current (see Note 4) Vo = 2.5 V, Vic = 


Common-mode input 


4 4.2 
voltage range (see Note 5) 
Full range V 


ee ee er 

High-level output voltage = 100 mV, = | O° Sek stn Snards tevertign| V 
a RS 
{> — sal we 


Operational Amplifiers 


Low-level output voltage Vip = —100 mV, = E>  BeCabetloy 12pcriiave PGs | 
OE a SN TE 


Large-signal differential 
yee eROEs Vo = 0.25Vto2V, Ri = VimV 
voltage amplification 


Common-mode rejection ratio Vic = VicR min 


S$ ly-volta ejection ratio 
pea! eat: Aura Pook Vpp = 5Vto 10 V, = 1, 
(AVpp/AVjo) 


Supply current Vo = 2.5 V, 
(two amplifiers) No load 


T Full range is O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLO27L2C, TLC27L2AC, TLC27L2BC, TLC27L7C 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted) 


PARAMETER TEST ll ‘MIN TYP MAX | UNIT 
=TAV, Vv, i Pa iat oe SR 
$ - Falrangs| 12] 
Sel ee 
Fullrange} GS 
= 1. = OV, 235, 2000 
Rg = 50 2, RL = 1 x Fullrange| 8000 |, 


= 500, im _< (Reg i800 
muerege temperature coefficient ae to > 
=o 
| = OO 300 
| 


Vio Input offset voltage 


25°C 


Common-mode input 
voltage range (see Note 5) 


Full range 


25° 

0° 
70° 
25° 


High-level output voltage 


Low-level output voltage Vip = —100 mV, lo. = O 


7a? 
ane 


Large-signal differential 


Vo = 1Vto BV, Ry = 1 MQ 
voltage amplification 0 L 


AvD 


~ 

o|o oO 

o| o ° 
ANFOTOALOLOLOLOLOTO 


50 660 


6697 

Vic = Vier min 

aoe ee ae 

yA 
PS aces ey 

T Full range is O°C to 70°C. 


NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 


Common-mode rejection ratio 


Supply-voitage rejection ratio 


Vv =5Vtol10V, Vo =1.4V 
(AVpp/AVio) sie! 9 


Supply current 
(two amplifiers) 


Vo = 5V, Vic = 5V, 
No load 
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| TLC27L2M, TLO27L7M 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, VDp = 5 V ’ 


PARAMETER TEST CONDITIONS 


Rp = 1 MQ, 
Ci = 20 pF, 
See Figure 1 


SR Slew rate at unity gain 


f= tkHe2, 


Vv Equivalent input noise voltage 
‘ ‘ ‘ " See Figure 2 


Vo = VOH: CL = 20 pF, 
RL = 1 Ma, See Figure 1 


NO 


Bom Maximum output swing bandwidth 


Vj; = 10 mV, 
See Figure 3 


By Unity-gain bandwidth 


Vj; = 10 mV, f = By, 
Ci = 20 pF, See Figure 3 


om Phase margin 


operating characteristics, VDp = 10 V 


RL = 1 MQ, 
SR Slew rate at unity gain Cy = 20 pF, 
See Figure 1 


Operational Ampli iers 


f = 1 kHz, 


V Equivalent input noise voltage 
" : o See Figure 2 


Bom Maximum output swing bandwidth 


Vj = 10 mV, 
See Figure 3 


By Unity-gain bandwidth 


om Phase margin 
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TLO27L21, TLC27L2Al, TLC27L2Bi, TLC27L71 , 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vpp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


ae ee 
Vep=1v [aoc] 0.04 | 
Wik 
. 
Vipp = 2.5 V 


Rs = 100 0, 


Ri. = 1 MQ, 
Cy = 20 pF, 
See Figure 1 


oO 


SR Slew rate at unity gain 


oO 


t = EknAz, 
25°C 
See Figure 2 Soe a 
eRe Eo | eee Se 

Ls 20 06, -- | eae 


Vn Equivalent input noise voltage 


B Maximum output swing bandwidth 
ok Speaiiia saatees See Figure 1 
25° 

-40° 
85° 
25° 


Vj = 10 mV, 
See Figure 3 


By Unity-gain bandwidth 


f = By, 


Phase margin 
em a See Figure 3 


| 

fs fee) 

°o oi 

° ° 
ALOALALALOALAITO 


85° 


operating characteristics, VDp = 10 V 


PARAMETER TEST CONDITIONS Ta 


VIPP i 


-1V et am 
Vep = 5.6V | -40%C] 008d 


MIN TYP MAX | UNIT 


Ri = 1 MQ, 
Ci = 20 pF, 
See Figure 1 


SR Slew rate at unity gain 


f = 1 kHz, 
See Figure 2 


Rs = 100 Q, 
Vn Equivalent input noise voltage s 


NO Nh oo Nh] Nh 
o o ol ojo oO 
° ° ° o}|-o ° 
Ol Ch AGO eo CoG 


CL = 20 pF, 


-—40°C 
See Figure 1 


=a ioe 
eet ae 
P=aoec [165d 
a 
=a oo i 


Bom Maximum output swing bandwidth 


Vj; = 10 mV, Ci = 20 pF, 
See Figure 3 


By Unity-gain bandwidth 


CL = 20 pF, See Figure 3 


os a 
ae | ima 


om Phase margin 
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TLC27L2C, TLC27L2AC, TLC27L2BC, TLC27L7C 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


> _— . 


operating characteristics, VDp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
a = 
Soe EEC, See 
V 
fegetOrlt cncetaen resto) 


Ri = 1 MQ, 
C_ = 20 pF, 
See Figure 1 


SR Slew rate at unity gain 


Vn Equivalent input noise voltage 


Bom Maximum output swing bandwidth 


f = 1 kHz, 
See Figure 2 


Vo = VOH: Ci = 20 pF, 
= 1 MOQ, See Figure 1 


= 10 mV, 
See Figure 3 ; 


By Unity-gain bandwidth 


Vi = 10 mV, '  £ = By, 


om C_ = 20 pF, See Figure 3 


Phase margin 


operating characteristics, Vpp = 10 V 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 


Operational Amplifiers By 


ea ee 
é Viep=1v [orc | 0.08 
gpk te Oe jo 008, | 
SR Slew rate at unity gain CL = 20 pF, “i ae a Rae V/us 
See Figure 1 
vip = 5.8V [orc | 008 
i. ae amine a 
f = 1 kHz, Rs = 1000, 
Vn Equivalent input noise voltage : . S 25°C nv/./Hz 
See Figure 2 
Ue Re ee 
Vo = VOH. Cc 20 pF, 
Bom Maximum output swing bandwidth 0 OH L* “ ee Sa 
araaiac) des ee ee eee 


Vj = 10 mV, 
See Figure 3 


By Unity-gain bandwidth 


om Phase margin 
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TLE27L2, TLO27L2A, TLC27L2B, TLO27L7_ 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


single-supply versus split-supply test circuits 


Because the TLC27L2 and TLC27L7 are optimized for single-supply operation, circuit configurations used 
for the various tests often present some inconvenience since the input signal, in many cases, must be 
offset from ground. This inconvenience can be avoided by testing the device with split supplies and the 
output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is shown 
below. The use of either circuit will give the same result. 


? = Vo Vo 
Ms Cy RL " Re 


sioiyjduiy jeuoneisdg Bw 


Vpp - 
(a) Single-Supply (b) Split-Supply 
FIGURE 1. UNITY-GAIN AMPLIFIER 
10 kQ 10 kQ 
100 2 
100 2 
100 2 100 2 
‘3 = oa. -Vpop- 
(a) Single-Supply (b) Split-Supply 
FIGURE 2. NOISE TEST CIRCUIT 
10 kQ 10 kQ 
100 2 100 2 
vi Vi 
Vo Vo 
1/2 Vpp 7 CL CL 
Vop - 
(a) Single-Supply : (b) Split-Supply 


FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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PARAMETER MEASUREMENT INFORMATION 


input bias current 


Because of the high input impedance of the TLC27L2 and TLC27L7 op amps, attempts to measure the 
input bias current can result in erroneous readings. The bias current at normal room ambient temperature 
is typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions 
are offered to avoid erroneous measurements: 


1. Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 


2. Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the ‘‘open-socket’’ leakage readings from the readings obtained with a device in the 
test socket. 


One word of caution . . . many automatic testers as well as some bench-top op amp testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current 
(the voltage drop across the series resistor is measured and the bias current is calculated). This method 
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an ‘‘open- 
socket”’ reading is not feasible using this method. 


1 6 


Vie Vig 


Operational Amplifiers B® 


FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(JG AND P DUAL-IN-LINE-PACKAGE) 


low-level output voltage 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output being dependent on both the common-mode input voltage 
level as well as the differential input voltage level. When attempting to correlate low-level output readings 
with those quoted in the electrical specifications, these two conditions should be observed. If conditions 
other than these are to be used, please refer to Figures 14 through 19 in the Typical Characteristics of 
this data sheet. 


input offset voltage temperature coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. 
This parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both 
the device and the test socket. This moisture will result in leakage and contact resistance which can cause 
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on 
the leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 
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PARAMETER MEASUREMENT INFORMATION 


full-power response 


sioiyjduiy jeuoneiodg BN 


Full-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways... . full-linear response and full-peak response..The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a 
sinusoidal input signal until the maximum frequency is found above which the output contains significant 
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion, 
above which full peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for ‘‘significant’’ distortion, the full-peak response is 
specified in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the 
use of a sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of 
the sinusoidal wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square 
wave of the same amplitude. The frequency is then increased until the maximum peak-to-peak output 
can no longer be maintained (Figure 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 


vo Dt 


(a) f = 100 Hz (b) Bow > f > 100 Hz (c) f = Bom (d) f > Bom 


FIGURE 5. FULL-POWER-RESPONSE OUTPUT SIGNAL 


test time 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short- 
test-time environment. Internal capacitanges are inherently higher in CMOS than in bipolar and BiFET devices 
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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TYPICAL CHARACTERISTICS 


DISTRIBUTION OF TLC27L2 DISTRIBUTION OF TLC27L2 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 


905 Amplifiers tested from 6 wafer lots 905 Amplifiers tested from 6 wafer lots 


Percentage of Units—% 


0 eee 0 Bc Hs 
-§ -4 -3 -2-1 0123 4 § -§ -4 -3 -2-1 0123 4 .5 
Vio—Input Offset Voltage—mV Vio—!nput Offset Voltage—mV 
FIGURE 6 FIGURE 7 
DISTRIBUTION OF TLC27L2 AND TLC27L7 DISTRIBUTION OF TLC27L2 AND TLC27L7 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT 


356 Amplifiers tested from 6 wafer lots 
Vpp = 10 V 

Ta = 25°C to 125°C 

P Package 

Outliers: 

(1) 18.7 pV/°C 

(1) 11.6 pV/°C 


356 Amplifiers tested from 8 wafer lots 
Vpp = 5V 

Ta = 25°C to 125°C 

P Package 

Outliers: 

(1) 19.2 pV/°C 


Percentage of Units—% 


0 ; 0 - 
-10-8 -6 -4-2 0 2 4 8 10 -10-8-6 -4-2 0 2 4 6 8 10 
“VviO— Temperature Coefficient —p»V/°C avio— Temperature Coefficient—,»V/°C 
FIGURE 8 FIGURE 9 
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HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs - “VS 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


VoOH—High-Level Output Voltage—V 
VoH— High-Level Output Voltage—V 
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0 -10 -20 -30 -40 
IOH—High-Level Output Current—mA 1oH— High-Level Output Current—mA 
FIGURE 10 FIGURE 11 | 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE | FREE-AIR TEMPERATURE 

Vpp- 1.6 

loH = -5mA 

Vpp- 1.7 Vip = 100 mV 


VoH— High-Level Output Voltage —V 
VoH—High-Level Output Voltage—V 
< 
oO 
o 
1 
ad 
o 


Vpp- 2.1 
Vpp-2.2 
Vpp- 2.3 
0 Vpop - 2.4 
0 2 4 6 O=*>10"/ 427%44.. 16 -75 -50-25 O 25 50 75 100 125 
Vpp— Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 12 FIGURE 13 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
COMMON-MODE INPUT VOLTAGE 


Vo_—Low-Level Output Voltage—mV 


0 1 2 3 4 
Vic —Common-Mode Input Voltage—V 
FIGURE 14 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
DIFFERENTIAL INPUT VOLTAGE 


lol = 5mA 
Vic = |Vip/2| 


Vo_—Low-Level Output Voltage—mV 


0 -2 -4 -6 -8 
Vip— Differential Input Voltage—V 


FIGURE 16 


VoL_—Low-Level Output Voltage—mV 


Vo_—Low-Leve! Output Voltage—mV 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
COMMON-MODE INPUT VOLTAGE 


500 


450 


400 


Vip = —100 mV 
Vip = -1V 
Vip = -2.5V 


350 


300 


250 
0 2 4 6 8 10 
Vic—Common-Mode Input Voltage—V 
FIGURE 15 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


0 
-75 -50-25 0 
Ta—Free-Air Temperature — °C 
FIGURE 17 


25 50 75 100 125 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 


vs vs 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


et ene 
0.91 Vip = -1V 
RON le 


© 
0.8 Ta = 25°C 
0.7 


Vip = -1V 


- 
o 


Ta = 25°C 


(ye 
ae ae 
ay 22mg 
Fade 


30 


= 
°o 


0 
0 1 > ae 4 5 6 7 8 0 
lo_—Low-Level Output Current—mA loL—Low-Level Output Current—mA 


FIGURE 18 FIGURE 19 


LARGE-SIGNAL LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 
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Vo_—Low-Level Output Voltage—V 
o 9° 
ao © 
“Sa 
< 
0 
0 
Ml 
w 
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Vo._—Low-Level Output Voltage—V 
o 


vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


= WN 
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o oso 
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Tac sre 


ee be 


000 

a SES 
RRS ®t n e 
| Nope 
a pe 


Avyp— Differential Voltage Amplification—V/mV 


Avp-— Differential Voltage Amplification—V/m 


0 
0 2 4 6 S04 107 12.14 6 -75 -50-25 0O 25 50 75 100 125 
Vpp—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 20 FIGURE 21 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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COMMON-MODE 


INPUT BIAS CURRENT AND INPUT OFFSET CURRENT INPUT VOLTAGE POSITIVE LIMIT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


2 


rte: ke ee a narae Fene Re kR cae t neentemet SR RR me ee 
(a ee ee ee ees ee ame eee Re Oe Re ee 


Eek. Se RN BSE (OOS ee 


BiGime aie’ 
mala Oa. 
ie MEIGid) 
a cMDaia, 


lig and ljq—Current—pA 


Vic—Common-Mode Input Voltage—V 
co 


one Amplifiers 


ios 
eee peat 
oom pe eke eee ee Pe 0| 
25 45 65 85 105 125 10 12 14 
Ta —Free-Air Temperature— °C isms Voltage—V 
FIGURE 22 FIGURE 23 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
90 
vo voon || ano vo = voor 
80} No load - No load 
70 
: ; 
« 60 ~ 
E 6 
g °° 3 
_ = 
Be eS 
S 3 
} 30 i 
=) Q 
= 20 c=) 
10 
0 ; 
10 12 14 16 -75 -50-25 0O 25 50 75 100 125 
et ae Voltage—V Ta—Free-Air Temperature— °C 
FIGURE 24 FIGURE 25 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typicat values of input bias current and input offset current below 5 pA were determined mathematically. 
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Normalized Slew Rate 
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0.5 
-75 -50 -25 0O 
Ta—Free-Air Temperature— °C 
FIGURE 28 


TYPICAL CHARACTERISTICSt 


SLEW RATE 


vs 
SUPPLY VOLTAGE 


Ay = 1 

Vipp = 1V 
RL = 1 MQ 
CL = 20 pF 
Ta = 25°C 


See Figure 1 


19. 42.44 . 16 
Vpp—Supply Voltage—V 
FIGURE 26 


NORMALIZED SLEW RATE 


vs 
FREE-AIR TEMPERATURE 


RL = 1 MQ 
CL = 20 pF 


25 50 75 100 125 


SR—Slew Rate—V/ys 


0.00 
-75 -50 -25 0O 


VoH— Output Voltage—V 


SLEW RATE 


vs 
FREE-AIR TEMPERATURE 


Vpp = 10 V 
eae 


1 
See Figure 1 


Vpp = 10 V 
Vipp = 1V 


25 50 75 100 125 
Ta—Free-Air Temperature— °C 
FIGURE 27 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


TM ET 
oS 


Vpp = 10 V Ta = 125°C 


metmo | \ NU 
“ren CTI NST 
CCT TTS 


me Frequency — i 
FIGURE 29 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Vi = 10 mV 
CL = 20 pF 
See Figure 3 


CL = 20 pF 
Ta = 25°C 
See Figure 3 


a 
_ \ 
fo) 
NO 


B7—Unity-Gain Bandwidth—kHz 
Bz—Unity-Gain Bandwidth—kHz 
° 
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3 =) 
-75 -50 -25 0O 25 50 75 100 125 16 
Ta—Free-Air Temperature — °C ie pst phe) - 
FIGURE 30 FIGURE 31 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT AMPLIFICATION AND PHASE SHIFT 
vs vs 
FREQUENCY FREQUENCY 


Vpp = 10 V 
RL = 1 MQ 


Avp— Differential Voltage Amplification 
Avp-— Differential Voltage Amplification 


om 10 100 1k 10k 100k 1M 4 10 100 1k 10k 100k 1M 
f — Frequency — Hz f— Frequency — Hz 
FIGURE 32 FIGURE 33 


tT Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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PHASE MARGIN PHASE MARGIN 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


¢m—Phase Margin—degrees 
¢m—Phase Margin—degrees 
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0 2 4 6 me: 10: Te te. 16 -75 -50 -25 0 25 50 75 100 125 
Vpp—Supply Voitage—V Ta—Free-Air Temperature— °C 
FIGURE 34 FIGURE 35 
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE 
vs vs 
CAPACITIVE LOAD FREQUENCY 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL APPLICATION DATA 


single-supply operation 


While the TLC27L2 and TLC27L7 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design includes an input common mode 
voltage range that encompasses ground as well as an output voltage range that pulls down to ground. 
The supply voltage range extends down to 3 V (C-suffix types), thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply 
operation is recommended. 


Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 38). The low input bias current of the TLC27L2 and TLC27L7 permits the use of very large resistive 
values to implement the voltage divider, thus minimizing power consumption. 


2 


The TLC27L2 and TLC27L7 work well in conjunction with digital logic; however, when powering both 
linear devices and digital logic from the same power supply, the following precautions are recommended: 


1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 


VoD 


R3 


Vrer = Yop Ri + RS 
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R4 
¥o.* (Vaer-V1 R2 * VREF 


FIGURE 38. INVERTING AMPLIFIER WITH VOLTAGE REFERENCE 


POWER 
LOGIC LOGIC LOGIC 2 
SUPPLY 


(a) Common Supply Rails 


Logic POWER 
SUPPLY 


(b). Separate Bypassed Supply Rails (preferred) 
FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 
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TYPICAL APPLICATION DATA 


input characteristics 


The TLC27L2 and TLC27L7 are specified with a minimum and a maximum input voltage that, if exceeded 
at either input, could cause the device to malfunction. Exceeding this specified range is a common problem, 
especially in single-supply operation. Note that the lower range limit includes the negative rail, while the 
upper range limit is specified at VoD —1 V at TA = 25°C and at Vpp-—1.5 V at all other temperatures. 


The use of the polysilicon-gate process and the careful input circuit design gives the TLC27L2 and TLC27L7 
very good input offset voltage drift characteristics relative to conventional metal-gate processes. Offset 
voltage drift in CMOS devices is highly influenced by threshold voltage shifts caused by polarization of 
the phosphorus dopant implanted in the oxide. Placing the phosphorus dopant in a conductor (such as 
a polysilicon gate) alleviates the polarization problem, thus reducing threshold voltage shifts by more than 
an order of magnitude. The offset voltage drift with time has been calculated to be typically 0.1 »V/month, 
including the first month of operation. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLC27L2 
and TLC27L7 are well suited for low-level signal processing; however, leakage currents on printed circuit 
boards and sockets can easily exceed bias current requirements and cause a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 in the 
Parameter Measurement Information section). These guards should be driven from a low-impedance source 
at the same voltage level as the common-mode input (see Figure 40). 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements af the TLC27L2 and TLC27L7 result in a very low noise 
current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kQ), since bipolar devices exhibit 
greater noise currents. 


(a) Noninverting Amplifier (b) Inverting Amplifier (c) Unity-Gain Amplifier 


FIGURE 40. GUARD-RING SCHEMES 
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output characteristics 


The output stage of the TLC27L2 and TLC27L7 is designed to sink and source relatively high amounts 
of current (see typical characteristics). If the output is subjected to a short-circuit condition, this high current 
capability can cause device damage under certain conditions. Output current capability increases with supply 
voltage. 


All operating characteristics of the TLC27L2 and TLC27L7 were measured using a 20-pF load. The devices 
will drive higher capacitive loads; however, as output load capacitance increases, the resulting response 
pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation (see Figure 41). 
In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 
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(a) Cy = 20 pF, R, = No load (b) Cy = 260 pF, Ry = No load 
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Vo 
Vi CL Ta = 25°C 
f = 1 kHz 
Vipp = 1V 
-2.5V 
(c) Cy = 310 pF, Ry = No load (d) Test Circuit 


FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 


Although the TLC27L2 and TLC27L7 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a 
pullup resistor (RP) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First, the NMOS pull-down transistor N4 (see equivalent schematic) 
must sink a comparatively large amount of current. In this circuit, N4 behaves like a linear resistor with 
an on-resistance between approximately 60 2 and 180 2, depending on how hard the op amp input is 
driven. With very low values of Rp, a voltage offset from O V at the output will occur. Second, pullup 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N5 is not supplying the output current. 


feedback 


Op amp circuits nearly always employ feedback, and since feedback is the first prerequisite for oscillation, 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with the 
feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 
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Vpp-Vo 


Rp = 
° lp + IL + Ip 


Ip = Pullup current required by 
the op amp (typically 500 »A) 


R2 
I 
R1 I Ri 


FIGURE 42. RESISTIVE PULLUP TO INCREASE Von FIGURE 43. COMPENSATION FOR 
INPUT CAPACITANCE 


electrostatic discharge protection 


The TLC27L2 and TLC27L7 incorporate an internal electrostatic discharge (ESD) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. 
Care should be exercised, however, when handling these devices, as exposure to ESD may result in the 
degradation of the device parametric performance. The protection circuit also causes the input bias currents 
to be temperature dependent and have the characteristics of a reverse-biased diode. 


latchup 


Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC27L2 
and TLC27L7 inputs and outputs were designed to withstand — 100-mA surge currents without sustaining 
latchup; however, techniques should be used to reduce the chance of latchup whenever possible. Internal 
protection diodes should not, by design, be forward biased. Applied input and output voltage should not 
exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 uF typical) 
located across the supply rails as close to the device as possible. 


The current path established if latchup occurs is usually between the positive supply rail and ground and 
can be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed 
the supply voltage. Once latchup occurs, the current flow is limited only by the impedance of the power 
supply and the forward resistance of the parasitic thyristor and usually results in the destruction of the 
device. The chance of latchup occurring increases with increasing temperature and supply voltages. 
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1/2 


Vo1 Sab 


Vo2 | | 


0.1 pF 
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1/2 
TLC27L2 


NOTE: Vpp = 5 V to 16 V 


FIGURE 45. SET/RESET FLIP-FLOP 
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TLO27L2, TLE27L2A, TLC27L2B, TLO27L7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


Vpp 
1/2 


VI TLC27L7 
Vo 
$4 
| SELECT: | Sq | S2_ 
| Ay _| 10 | 100 | 6 
2 ANALOG = 
mA) SWITCH 


1 kQ 


NOTE: Vpp = 5V to 12 V 
FIGURE 46. AMPLIFIER WITH DIGITAL GAIN SELECTION 


10 kQ 


NOTE: Vpp = 5 V to 16 V 


FIGURE 47. FULL-WAVE RECTIFIER 
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TLE27L2, TLO27L2A, TLO27L2B, TLC27L7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


0.016 uF 


NOTE: Normalized to Fc = 1 kHz and Ry = 10 kQ 


FIGURE 48. TWO-POLE LOW-PASS BUTTERWORTH FILTER 
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NOTES: Vpp = 5 V to 16 V 


V = ViA) 
O* Ri IB~ YIA 


FIGURE 49. DIFFERENCE AMPLIFIER 
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TLO27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


D3142, OCTOBER 1987—REVISED AUGUST 1988 


Trimmed Offset Voltage: 
TLC27L9 .. . 900 nV Max at 25°C, 
Vpp = 5V 


@ Input Offset Voltage Drift . . . Typically 
0.1 »V/Month, Including the First 30 Days 


@ Wide Range of Supply Voltages over 
Specified Temperature Range: 
-55°C to 125°C ...4Vto 16 V 
-40°C to 85°C ...4Vto 16 V 

0°C to 70°C...3Vto 16 V 


Single-Supply Operation 


Common-Mode Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
I-Suffix types) 


@ Ultra-Low Power... Typically 195 »W 
at 25°C, Vpp = 5V 


@ Output Voltage Range Includes Negative 
Rail 


High Input Impedance... 1012 Q Typical 
ESD-Protection Circuitry 


@ Small-Outline Package Option Also Available 
in Tape and Reel 


@ Designed-In Latchup Immunity 


D, J, OR N PACKAGE 
(TOP VIEW) 


1 ouT []1 W141 4 out 
1IN- 13] | 4 IN- 
1 IN+ LJ3 121]4 IN+ 
Vpp LJ4 ~—s 11 J] GND 
2 IN+ LJ5 101 ] 3 IN+ 
2 IN- 9{]3 IN- 
2 OUT L]7 8| | 3 OUT 


FK PACKAGE 

(TOP VIEW) 
5 5: 
e) og 
= b= a 
cs 1S iy ee 
2 


| 
< 
3 19 


O 
r 4 
aes 
1 


20 


1IN+ U4 18(]} 4 IN+ 


nc D5 170NC 
Vpp D§ 16] GND 
nc Pp? 15(] NC 

2 IN+ 8 143 IN+ 


9 112 
Beit bea 2 om Fa 6 ae 
15351 
Zo°“o2 
NW oO” 


NC —No internal connection 


2 
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AVAILABLE OPTIONS DISTRIBUTION OF TLC27L9 
INPUT OFFSET VOLTAGE 


40 
CHIP CERAMIC PLASTIC 


299 Units tested from 2 wafer lots 


CARRIER DIP DIP 35} Vpp = BV ++ + + 
DD Bae hoe 
(FK) (J) xe 0 Ta = 25°C | 
[| TLC27L9CJ |TLC27L9CN Bes oes 
” 
2mV{TLC27L4BCD, — | et cee See ee 
aS. ° 
vey 
Sane 5 20 
® 
Rae g 
i] 
—40°C = 15 
He | — | TLC27L4BIJ | TLC27L4BiIN S 
| = = ~~ TLC27L4AlJ | TLC27L4AIN 5 
ae Sa oe s 
atic TLC27L9MFK| TLC27L9MJ a on 
125°C TLC27L4MFK| TLC27L4MJ or ees ocean oe 
The D package is available in tape and reel. Add R suffix to the device type (e.g., Vio—Input Offset Voltage—pV 
TLC27L9CDR). 


LinCMOS is a trademark of Texas Instruments Incorporated 


PRODUCTION DATA documents contain information A Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to v] 
specifications per the terms of Texas Instruments Ti 

standard warranty. Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 2-639 
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TLO27L4, TLC27L4A, TLC27L4B, TLE€27L9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


(Ren SRST See GES ZY EE eS > 1 ES a Ss SS Rs Le NR eS RE 
description 


The TLC27L4 and TLC27L9 quad operational amplifiers combine a wide range of input offset voltage grades 
with low offset voltage drift, high input impedance, extremely low power, and high gain. 


These devices use Texas Instruments silicon-gate LinCMOS™ technology, which provides offset voltage 
stability far exceeding the stability available with conventional metal-gate processes. 


The extremely high input impedance, low bias currents, and low power consumption make thesé cost- 
effective devices ideal for high gain, low frequency, low power applications. Four offset voltage grades 
are available (C-suffix and I-suffix types), ranging from the low-cost TLC27L4 (10 mV) to the high-precision 
TLC27L9 (900 nV). These advantages, in combination with good common-mode rejection and supply 
voltage rejection, make these devices a good choice for new state-of-the-art designs as well as for upgrading 
exisitng designs. 


In general, many features associated with bipolar technology are available on LinCMOS™ operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC27L4 and TLC27L9. The devices also exhibit low voltage single-supply operation and ultra- 
low power comsumption, making them ideally suited for remote and inaccessible battery-powered 
applications. The common-mode input voltage range includes the negative rail. 


A wide range of packaging options is available, including small-outline and chip carrier versions for high- 
density system applications. 


The device inputs and outputs are designed to withstand — 100-mA surge currents without sustaining 
latchup. 


The TLC27L4 and TLC27L9 incorporate internal ESD-protection circuits that prevent functional failures 
at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be 
exercised in handling these devices as exposure to ESD may result in the degradation of the device 
parametric performance. 


siaipiduiy jeuoneisdg FW 


M-suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. l|-suffix devices are characterized for operation from —40°C to 85°C, and C-suffix devices 
are characterized for operation from O°C to 70°C. 
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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


equivalent schematic (each amplifier) 


Vpb 


P3 P4 


R6 


R1 R2 


P6 
P4 P2 


OUT 


N7 
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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 | 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Seoiy VONROG its (Mee SEG) \Sciteati sy Od... cc Sele meetin She Ba a as A an oes 18 V 
ErPrer Ginter Wath Wet GO OI. 2) ae ag ue aks s 0 tec. 5. ecm neade sy Ataale Foe ea ee 0 +Vpp 
Input youteoe range, Vi tenTy INDUL)« Sok acca sae ss a oe oe be Dele —0.3 V to Vpp 
PEHaE COMOMI, Siu ete ica shy ge CE wa Lca aia eS alae eee ea ae es eee ne ee +5 mA 
COUT CUNT, 1G: MRI ORI) oak ideye ee 2 be eel kw le ce» MDs Melee We Maes ists ae +30 mA 
cVEAEOLSCONTOTVE FRG WEL TORTTUIIIL tonsa Ss eee Bh dco e wae be «Dea teased ws pe Pk Pee a ees 45 mA 
Tee CORTE GING OT CeIn CETITIE GN Bie. 886 Diaby 6 os, 0 dg sce Weare Reh iw ca BO or 4 45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)..............220000% Unlimited 
COntiniigus TOtal cement 5. Ps bocce Vn vee ee lew 5 eee we'd See Dissipation Rating Table 
Operating free-air temperature, Ta: M-suffix... 2... 6. es ~55°C to 125°C 

FAs bas cat ett so etki eae ee — 40°C to 85°C 

IIa lakhs coe hc Olen hd wie «eb ae i ok 2 oie O°C' to 70°C 
StGl Age SOrer MeO OO eis eis cm Geetb win st he alee diay cep aces bos 8 —-65°C to 150°C 
Case tempomtiusa:for GO seconds: FR package. og... 6 be ee ek pike ee ee pees we es 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 
D 950 mW 7.6 mW/°C 608 mW 


PACKAGE 


siaipjduiy jeuoneisdg BN 


FK 1375 mW 11 mW/°C 880 mW 

J (M-suffix) 1375 mW 11 mW/°C 880 mW 
J (C-, |-suffix) 1025 mW 8.2 mW/°C 656 mW 
N 1575 mW 12.6 mW/°C 1008 mW 


recommended operating conditions 


Supply voltage, Vpp 


Vpp = 5 V 
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TLC27L4M, TLC27L9M 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


4 / 


electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwisé fioted) 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 
Vo = 14, Vic = OV, I ow 


m 
m 


MIN 
: eo Rg = 509, RL = 1 Moa Ful ; 
VIO Input offset voltage S : L Z LE: 
Vo = 1.4V, Vic = OV, eR! 200 900 |. 
Rs = 502, Rt = 1 MQ Full range 3750 


Average temperature coefficient 25°C to 
Q v } 

Vio of input offset voltage , | 125°C 

lio _Input offset current (see Note 4) | Vo = 2.5 V rie 2 5 eee i Reren 
= . ’ | = . 

Page | ee ie 
lip Input bias current (see Note 4) Vo 2.5V V 256V a a eae 
gO ae aes fe°c | . 86 


25°C 


2 


© 


Common-mode input 


Vv 
pV 
voltage range (sée Note 5) 
Full range V 
| 
High-level output voltage Vip = 100 mv, iy ie i Ss 
Te SEY Sects 
| Be aS ESS. eS 
Low-level output voltage Vip = —100 mV, Es ae ae Vv 
: Le eS ES "8 
SUE AS | 26°C | 50 480 
r - 
weniger tes Vo = 0.25 V0 2V, eee | ge ae 
voltage amplification . 125°C eee Pee 
| 68 120] a 


V/mV 


Operational Amplifiers 


Common-mode rejection ratio Vic = VicR min 
Supply-voltage rejection ratio ca AE 
u - 
ap gihee a ; Vpp = 5V to 10V, 
vee | 125°C 
125° 
hee 3 
QO-* €.0-¥, 
-§5° 


T Full range is —55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 


: 4.1 

50 480 

60 85 

a 3 97 

60 97 

60 98 
9 68 

Supply current 

7 48 
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TLC27L4M, TLC27L9M | 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted) 


MIN TYP MAX | UNIT 


re 
< 


Rs = 502, 


Average temperature coefficient 
Qa 
Vio of input offset voltage 
lio Input offset current (see Note 4) | Vo = 5V, 
lip Input bias current (see Note 4) Vo = 5YV, 


Common-mode input 
voltage range (see Note 5) 


~ 


2 


High-level output voltage 100 mV, 


Low-level output voltage Vip = —100 mV, 


Large-signal differential 


ae. Vo = 1Vt 6V, 
voltage amplification 


siaiydwy jeuoies0dg 


Common-mode rejection ratio Vic = ViICR min 


Supply-voltage rejection ratio 

TE oe Vpp = 5 V to 10 V, 
(AVpp/AVio) 

Supply current Vo = 5V, 
(four amplifiers) No load 


tT Full range is —55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27L41, TLC27L4Al, TLE27L4Bi, TLC27L91 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDD = 5 V (unless otherwise noted) 


L 

Vic = OV, 
Rs = 502, RL = 1 MQ 
Vo = 1.4V, Vic = OV, 
Rs = 50Q, 
Vo = 1.4V, 
50 Q, 


Vio __ Input offset voltage 
TLC27L4BI 


TLC27L91 os 
Average temperature coefficient 
avid : 
of input offset voltage 
lio Input offset current (see Note 4) | Vo = 2.5 V, 
lip Input bias current (see Note 4) 0 = 


Rs = 


2 


2.5 V, 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage 100 mV, 


Operational Amplifiers 


Low-level output voltage Vip = —100 mV, 


Large-signal differential 


} See Vo = 0.25 V to 2 V, 
voltage amplification 


Common-mode rejection ratio Vic = Vicr min 


Supply-voltage rejection ratio 

eke <a Vpp = 5V to 10 V, 
(AVpp/AVjo) 
Supply current Vo = 2.5 V, 
(four amplifiers) No load 


T Full range is —40°C to 85°C. 


NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27L41, TLC27L4Al, TLC27L4B1, TLC27L91 | 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 10 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX 
er: Sebaeens 
See | a 


rico7Laal | VO = 1:4 ¥: Vic = OV, 
Rg = 502, RL = 1 Mo 


UNIT 


3 
< 


figs) 
260 2000 
Full renge| 3500 
- 
oe [25°C | __210 1200 | 

- 509, Full enge| 2900 


Average temperature coefficient 25°C to v/°c 
of input offset voltage 85°C Z 
Input offset current (see Note 4) Vic = BS 

85°C 1000 

25°C 0.7 


85°C 220 . 2000 


Common-mode input 
voltage range (see Note 5) 


ViO Input offset voltage 


High-level output voltage = 100 mV, 


3 


Low-level output voltage Vip = —100 mV, lo. = 0 


© 
o 
® 
= 
a) 
on 
3S 
=, 
@. 
> 
3 
S 
= 
D 
= 
r 


Large-signal differential 


Vo = 1V to 6V, | 50 15500 

voltage amplification 0 4 = = See 
65 97 
Common-mode rejection ratio Vic = Vicr min -40°C 60 97 


oo 
o 

° 
oO 
f°] 
°o 
© 
co 


NS 
ol 

° 
oO 
| 
°o 
ie) 
~ 


Supply-voltage rejection ratio 
(AVpp/AVio) 


Vpp = 5Vto10V, Vo =1.4V -40°C | 60 97 


© 
co] 
° 
; 
om 
: 
© 
ie] 


HE 
c 
© 
b= | 
io] 
@ 
| 
°o 
ot 
Oo N 
< 
3 < < < 
3 < 


nN 
o 

° 
2) 
a 
N 


92 
Supply current 


(four amplifiers) 


Vo = 
No load 


$ 


t Full range is —40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27L4C, TLO27L4AC, TLO27L4BC, TLC27L9C 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Rs = 509, RL = 1 Mo LE aes a 

Vo = 1.4V, vic=0v, | 25c| 0-5 
TLC27L4AC 

Rs = 500, R= 1M0-- |rullrange| dst | 


VIO Input offset voltage 


240 2000 


Vo =.1.4V, Vic = OV, 
tic27Lapc | YO = 1:4V hadi 
Rg = 509, RL = 1 MQ 


Vo = 1.4, = OV, | 200 900 
TLC27L9C 0 =1.4V Vic = OV Cc 20 
Rg = 500, AL = 1 Mo et on 


Full range 
0 900 

Full range 

Average temperature coefficient 25°C to F 
VIO of input offset voltage 70°C 
lio Input offset current (see Note 4) Vo = 2.5 V Vic = 2.5 V Coe RSS 
70°C 7 » 300 
iT} Input bias current (see Note 4) Vo 2.65V Vic 2.5 V Re GR CRS 
| st eae Bea 

a O 600 
Full range 


1 
4 


Common-mode input 


Vv 
ICR voltage range (see Note 5) 


High-level output voltage 100 mV, 


Low-level output voltage Vip = —100 mV, 


Large-signal differential 
voltage amplification 


Avpb Vo = 0.25 V to 2 V, 


Common-mode rejection ratio Vic = Vicr min 


Supply-voltage rejection ratio 


Vpp = 5Vto 10 V, 0°Cc 60 97 
AVpp/AV 
(AVpp/AVio) 60 98 
Bo 
Supply current Vo = 2.5 V, 
(four amplifiers) No load 


T Full range is O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27L4C, TLC27L4AC, TLC27L4BC, TLC27L9C 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Rs = 509, RL = 1 MQ Furenge| 82 
Vo=14¥, vic=0v, | 25 [O85 
ETSS | ng = 00 ee. TTS 
Input offset voltage 2 - sie 2 


260 __ 2000 


3 
< 


Vio 


m 


~ 


Z 


Average temperature coefficient 
“vio of input offset voltage 
lio Input offset current (see Note 4) | Vo 
lip Input bias current (see Note 4) Vo 


= 5V, 
= 5V, 


Common-mode input 


9 9.2 
voltage range (see Note 5) -0.2 
8.5 

8 8.9 

High-level output voltage 7.8 8.9 

7.8 8.9 

50 #870 


sisipyduiy jeuoneisdg 


Low-level output voltage Vip = —100 mV, 


3 
< 


le ee Bae 8 
a OA eee aan 
eaane teks Vo = 1V to 6V, orc | 60 1020+] vimv 
Vv 1 
50 660 


6597 
Common-mode rejection ratio Vic = VicR min 60 97 
6097 


SRE: 7097 
Palos rejection ratio Vop = BV to 10V, 60 97 
pp/AVi0 6098 
25°C 57 92 
Supply current Vo = 5V, BB i 
(four amplifiers) No load i = “ 
Seti 4480 


N 
or 

° 
OQ 


T Full range is O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27L4M, TLC27L9M 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, VDp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Sc RC eS 
eos vip = tv [=s5ec [0.04 
a 
SR Slew rate at unity gain Ci = 20 pF, a5 


V 
— aese [sy 
° Viep=25v | -e5ec| 0.08 
125°C | 0.02 


Rs = 10092, 
So eas aaa 


C; = 20 of, 
BoM Maximum output swing bandwidth Ls Gee ov Comal Ce ee 
Saree GPa a 


ei a ar 
Vi = 10 mv, ee 
z 


f = 1 kHz, 
See Figure 2 


By Unity-gain bandwidth 


ee ° 
2 5a ee ons 
cl aes See 
Paas%c | 26° 


Vj = 10 mV, f = By, 
CL = 20 pF, See Figure 3 


om Phase margin 


operating characteristics, VDD = 10 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


RL = 1 MQ, 
SR Slew rate at unity gain CL. = 20 pf, 
See Figure 1 


V Equivalent input noise voltage f= 1 kHz, 
: : : e See Figure 2 


CL = 20 pF, 
See Figure 1 


Bom Maximum output swing bandwidth 


Vi = 10 mV, 


B Unity-gain bandwidth 
L i: a See Figure 3 


om Phase margin 
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TLO27L41, TLC27L4Al, TLC27L4Bi, TLC27L91 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, VpDp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Fasc] 00s | 
Vip =1v | =a0re] 008 

Ge eer see eee 

m 


sec] oes 
26v [uso] 0.04 | 
iS Sa 


Rs =-100 Q, 
: 


Ri, = 1 MQ, 
CL = 20 pF, 
See Figure 1 


SR Slew rate at unity gain 


Vn Equivalent input noise voltage 


Bom Maximum output swing bandwidth 


VIPP 


f = 1 kHz, 
See Figure 2 


= 10 mV, 


B 
' See Figure 3 


Unity-gain bandwidth 


Phase margin 


om 


operating characteristics, VDp = 10 V 


PARAMETER 


| ss TESTCONDITIONS = =—(||_—Ta_ =| MIN. TYP MAX | UNIT 


AS ae) Ses 
-40° 

85° 

250 V/us 
=a0%¢ [0.08 

85° 


V 
RL = 1 Mo, WR at 


CL = 20 pF, 
See Figure 1 


N 
ol 
° 


SR Slew rate at unity gain 


VIPP = 


f = T kHz, = 1002, 
Vn Equivalent input noise voltage . nV/./Hz 
See Figure 2 
; CL = 20 pF, 
B Maximum output swing bandwidth -40° VaieP RSS 
OM eh cea, See Figure 1 


85° 

25° 

-40° 

85° 

ae ticle 25° 
Phase margin 3 1: co a: ae 
ee Sn ee eee 


Vj = 10 mV, 
See Figure 3 


By Unity-gain bandwidth 


25° an 


om 
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TLC27L4C, TLC27L4AC, TLC27L4BC, TLC27L9C 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, Vpp = 5 V 


Pac | 00s, 
vep=1v [oe] 008 
bi RS eae 
Pape [eos oa 
Poses eee 
70% [002 


RL = 1 MQ, 
Ci = 20 pF, 
See Figure 1 


SR Slew rate at unity gain 


1 kHz, Rs = 1009, 


f= 
V Equivalent i t noi It 25° 
‘ ee ee See Figure 2 jasc | 70 [we 
ee ae 25 ee es 2 
Bom Maximum output swing bandwidth L = site Pe. . 35 Se SSS 
a ieee ae 
hae ae 
| os | 15 mv, 
By Unity-gain bandwidth See Figure 3 orc Bee eee 
: eS Cees 
ae to eee 
o Phase margin SiFiae Oe iconds ae 
m aes SS 
C. = 20 pF, See Figure 3 70°C 
, : ? FORE epIOvis aPOe. | 


operating characteristics, Vpp = 10 V 


Operational Amplifiers 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 
eee eee 
nga Vep=1v + [ os@cf 008 
: 70% [0.04 
SR Slew rate at unity gain CL = 20 pF, ae V/us 
See Figure 1 
Vep =5.8v | ool eer 
Pe [net 
f = 1 kHz, Rs = 100 2, 
Vn Equivalent input noise voltage ; 3 or 25°C nV/./Hz 
See Figure 2 
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TLO27L4, TLC27L4A, TLC27L4B, TLC27L9_ 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


single-supply versus split-supply test circuits 


Because the TLC27L4 and TLC27L9 are optimized for single-supply operation, circuit configurations used 
for the various tests often present some inconvenience since the input signal, in many cases, must be 
offset from ground. This inconvenience can be avoided by testing the device with split supplies and the 
output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is shown 
below. The use of either circuit will give the same result. 


= : Vo : Vo 
L L R 
ral L 
© 
Ps} = = 
o ‘Par 
S (a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 
F FIGURE 1. UNITY-GAIN AMPLIFIER 
P 
= 10 kQ 10 kQ 
z 
= 100 2 
@ 1/2 Vpp ‘Sis Vo Vo 
” 
100 2 
100 2 100 2 
= = = VYpo- 
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 
FIGURE 2. NOISE TEST CIRCUIT 
10 kQ 10 kQ 
100 0 100 2 
Vi Vi 
Vo Vo 
1/2 Vpp aS cL CL 
2 Vop - 
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 


FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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TLO27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


input bias current 


Because of the high input impedance of the TLC27L4 and TLC27L9 op amps, attempts to measure the 
input bias current can result in erroneous readings. The bias current at normal room ambient temperature 
is typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions 
are offered to avoid erroneous measurements: 


1. Isolate the device from other potential leakage sources. Use a grounded shield around and between 


the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 


Z 


2. Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the ‘‘open-socket’’ leakage readings from the readings obtained with a device in the 
test socket. 


One word of caution . . . many automatic testers as well as some bench-top op amp testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current 
(the voltage drop across the series resistor is measured and the bias current is calculated). This method 
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an ‘‘open- 
socket’ reading is not feasible using this method. 


fe ofele 
0 ole ite 
8 14 


FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(J AND N DUAL-IN-LINE-PACKAGE) 


Operational Amplifiers 


low-level output voltage 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output being dependent on both the common-mode input voltage 
level as well as the differential input voltage level. When attempting to correlate low-level output readings 
with those quoted in the electrical specifications, these two conditions should be observed. If conditions 
other than these are to be used, please refer to Figures 14 through 19 in the Typical Characteristics of 
this data sheet. 


input offset voltage temperature coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. 
This parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both 
the device and the test socket. This moisture will result in leakage and contact resistance which can cause 
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on 
the leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 
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PARAMETER MEASUREMENT INFORMATION 


full-power response 


sidipduiy jeuonessdg BN 


Full-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways... . full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a 
sinusoidal input signal until the maximum frequency is found above which the output contains significant 
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion, 
above which full peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for ‘‘significant’’ distortion, the full-peak response is 
specified in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the 
use of a sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of 
the sinusoidal wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square 
wave of the same amplitude. The frequency is then increased until the maximum peak-to-peak output 
can no longer be maintained (Figure 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 


ef 


(a) f = 100 Hz (b) Bom > f > 100 Hz (c) f = Bom (d) f > Bom 


FIGURE 5. FULL-POWER-RESPONSE OUTPUT SIGNAL 


test time 


2-654 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short- 
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices 
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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TYPICAL CHARACTERISTICS 


DISTRIBUTION OF TLC27L4 DISTRIBUTION OF TLC27L4 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 


905 Amplifiers tested from 6 wafer lots 
Vpp = 10 V 

Ta = 25°C 

N Package 


905 Amplifiers tested from 6 wafer lots 
Vpp = 5V 

Ta = 25°C 

N Package 


Percentage of Units—% 
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0 Be $5 36 ad 
-§ -4 -3 -2-1 0123 4 §5 -5 -4 -3 -2-1 0 123 4 5 
Vio—Input Offset Voltage—mV Vio—Input Offset Voltage—mV 
FIGURE 6 FIGURE 7 
DISTRIBUTION OF TLC27L4 AND TLC27L9 DISTRIBUTION OF TLC27L4 AND TLC27L9 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT 


356 Amplifiers tested from 6 wafer lots 
Vpp = 10 V 

Ta = 25°C to 125°C 
N Package 

Outliers: 

(1) 18.7 pV/°C 

(1) 11.6 nV/°C 


356 Amplifiers tested from 8 wafer lots 
Vpp = 5V 

Ta = 25°C to 125°C 

N Package 

Outliers: 

(1) 19.2 nV/°C 


Percentage of Units—% 


-10-8 -6 -4-2 0 2 4 6 8 10 -10-8 -6 -4-2 0 2 4 6 8 10 
ayvio— Temperature Coefficient —»V/°C avio— Temperature Coefficient —pV/°C 
FIGURE 8 FIGURE 9 
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TYPICAL CHARACTERISTICST 


HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


Vip = 100 mV 


VoH—High-Level Output Voltage—V 
VOH—High-Level Output Voltage—V 


0 -10 - 20 - 30 - 40 
loOH— High-Level Output Current—mA loH—High-Level Output Current—mA 
FIGURE 10 FIGURE 11 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
16 Vpp - 1.6 
loH = -5 mA 
> 14} RL = 1 M0 7 Vop-1.7 Vip = 100 mv 
& > 
£ 12 £ Vpp-1.8 
S S 
> > 
5 10 $s Vpp-1.9 
a a 
5 5 
° 8 ©S Vpp-2.0 
r) r) 
> > 
+ 6 3 Vpp-2.1 
£ £ 
A= S 
te Ge 7+ Vpp-2.2 
5 3 
> i2 > Vop-2.3 
0 Vpp - 2.4 
0 2 4 6 $8 10 12°14 16 -75 -50-25 0O 25 50 75 100 125 
Vpp—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 12 FIGURE 13 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE 
500 
> > 
@ 450 
: z 
C} 
> > 
A 5 40° 
i= 
: é ea ies a 
3 x) ere 
3 @ 350 Vip = -2.5V = 
; ; A 
| | 300 fa 
Pe) “ 
$ $ Ps 
250 © 
0 1 2 3 4 0 2 4 6 8 10 re) 
Vic—Common-Mode Input Voltage—V Vic—Common-Mode Input Voltage—V = 
FIGURE 14 FIGURE 15 © 
o. 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE oO 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 


lol =5mA_ | 
Vic = |Vip/2| 
Ta = 25°C 


lol = 5mA_ 
Vip = -1V 
Vic = 0.5 V 


Vo_—Low-Level Output Voltage—mV 


Vo_—Low-Level Output Voltage—mV 


-75 -50-25 0 25 50 75 100 125 


Vip — Differential Input Voltage —V Ta—Free-Air Temperature — °C 


FIGURE 16 


FIGURE 17 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICST 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 


| vs vs 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


7 > 
2 0.8)— Ta = 25°C S, 
S 2 
> 0.7 o 
5 a 
2 0.6 3 
6 z 
3 0.5 ° 
2 ® 
3 0.4 3 
& “ 
8 03 3 
ui 7 
a 0.2 if 
> o) 

0.1 > 
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0 
0 1 , oe Se os 8 7 8 0 5 10 15 20 25 30 
lo_—Low-Level Output Current—mA lo_—Low-Level Output Current—mA 
FIGURE 18 FIGURE 19 
LARGE-SIGNAL LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


V/mV 


Avyp-— Differential Voltage Amplification 


0 
0 2 4 6 S10. tar ae 16 -75 -50-25 0O 25 50 75 100 125 
Vpp—Supply Voltage—V Ta—Free-Air Temperature— °C 
FIGURE 20 FIGURE 21 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


6 ee 


26 “ 65 105 = 125 
Ta—Free-Air ta °C 
FIGURE 22 
SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 
180 
Vo = Vpp/2 
160 F No load 
« 140 
L 
3 120 
g 100 
= 80 
¢ 
? 60 
Qa 
2 40 


La 


ie ee 
14 


edb ee. ie 
FIGURE 24 


INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


Vic—Common-Mode Input Voltage—V 


Ipp— Supply Current— pA 


COMMON-MODE 
INPUT VOLTAGE POSITIVE LIMIT 
vs 
SUPPLY VOLTAGE 


10: 12 
Vpp—Supply Voltage—V 


FIGURE 23 


ia 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


120 
Vo = Vpp/2 
No load 
100 
80 
60 
40 


0 
-75 -50-25 0 25 50 75 100 125 
Ta—Free-Air Temperature — °C 
FIGURE 25 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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SR—Slew Rate—V/ys 


Normalized Slew Rate 


ad 
° 
we 


° 
° 
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2S 
° 
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3 


TYPICAL CHARACTERISTICST 


SLEW RATE 


vs 
SUPPLY VOLTAGE 


Ci = 20 pF 
Ta = 25°C 
See Figure 1 


0 2 4 6 8 10 12 14 16 
Vpp—Supply Voltage—V 
FIGURE 26 


NORMALIZED SLEW RATE 


vs 
FREE-AIR TEMPERATURE 


0.5 
-75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature— °C 
FIGURE 28 


SR—Slew Rate— V/s 


0.00 
-75 -50-25 0 


VoH— Output Voltage—V 


SLEW RATE 


vs 
FREE-AIR TEMPERATURE 


Vpp = 10 V 


at —T Vipp = 5.5 V 
See Figure 1 


Vpp = 10 V 
— Vipp = 1V 


Vipp = 1V 


25 50 75 100 125 
Ta—Free-Air Temperature — °C 
FIGURE 27 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


vs 
FREQUENCY 


EE 
PETTERS TH LL UT 


s Vpp = 10 V \ \ Ta = 125°C 

7 Ta = 25°C 

; HA vi Ta = “we 
‘inne 

Le oy 

XB Tt 

3 

2 RL = 1 MQ AN P 


nti LIN 
oF BGAN SU 
Cit at 


0.1 100 
= — Frequency — vee 
FIGURE 29 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSTt 


UNITY-GAIN BANDWIDTH 
vs 
FREE-AIR TEMPERATURE 


Vpp = 5V S 
a Vi = 10 mV = 
7 CL = 20 pF 2 
= See Figure 3 S 
3 3 
z oc 
3 = 
E a 
a £ 
m4 o 
& 9 
z é 
c =) 
pe | 
i a 
ca 

0 
-75 -50 -25 0O 25 50 75 100 125 0 
Ta—Free-Air Temperature— °C 
FIGURE 30 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


vs 
FREQUENCY 
107 
5 5 
= 106 € 
Q o 
oa e 
& g 
4 ® 
g 10 30° : : 
$ 103 60° 9 > 
3 s 
5 102 90° i 5 
£ Phase Shift ae a = 
5 101 120° e 
ee ee ee SBE ee 
“TSE 
0.1 180° 
1 10 100 1k 10k 100k 1M 1 
f — Frequency — Hz 
FIGURE 32 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 


UNITY-GAIN BANDWIDTH 


vs 


SUPPLY VOLTAGE 


Vi = 10 mV 
CL = 20 pF 
Ta = 25°C 
See Figure 3 


8° 10 12 


Vpp—Supply Voltage—V 
FIGURE 31 


14 16 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 


AMPLIFICATION AND PHASE SHIFT 


vs 


FREQUENCY 


10 100 
f— 


1k 10k 
Frequency — Hz 


FIGURE 33 


100k 1M 
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TYPICAL CHARACTERISTICSt 


PHASE MARGIN PHASE MARGIN 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


¢m— Phase Margin— degrees 


¢m—Phase Margin— degrees 


suaipyduiy jeuoijeisd¢C — 


20 
0 2 4 6 8 10 12 14 16 -75 -50-25 O 25 50 75 100 125 
Vpp—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 34 FIGURE 35 
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE 
vs vs 
CAPACITIVE LOAD FREQUENCY 


See Figure 3 150 


ai Su3 
Ce ae Le 


TTT 


75 


¢m—Phase Margin— degrees 


50 


ESE 
Ragianas's 


, LUI TA EU 
wa 
0 20 40 60 80 100 100 1000 
C_—Capacitive Load—pF Me " Aieenkh —Hz 
FIGURE 36 FIGURE 37 


Vn—Equivalent Input Noise Voltage—nV//Hz 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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single-supply operation 


While the TLC27L4 and TLC27L9 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design includes an input common mode 
voltage range that encompasses ground as well as an output voltage range that pulls down to ground. 
The supply voltage range extends down to 3 V (C-suffix types), thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply 
operation is recommended. 


Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 38). The low input bias current of the TLC27L4 and TLC27L9 permits the use of very large resistive 
values to implement the voltage divider, thus minimizing power consumption. 


The TLC27L4 and TLC27L9 work well in conjunction with digital logic; however, when powering both 
linear devices and digital logic from the same power supply, the following precautions are recommended: 


1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 


y y R3 
REF DD R1 + R3 


Operational Amplifiers Bye 


R4 


Vo « (Ver - V1) R2 * REF 


(a) COMMON SUPPLY RAILS 


LOGIC LOGIC LOGIC ay gh 
SUPPLY 


(b) SEPARATE BYPASSED SUPPLY RAILS (PREFERRED) 
FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 
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TYPICAL APPLICATION DATA 


input characteristics 


The TLC27L4 and TLC27L9 are specified with a minimum and a maximum input voltage that, if exceeded 
at either input, could cause the device to malfunction. Exceeding this specified range is a common problem, 
especially in single-supply operation. Note that the lower range limit includes the negative rail, while the 
upper range limit is specified at VpD—1 V at TA = 25°C and at Vpp-—1.5 V at all other temperatures. 


The use of the polysilicon-gate process and the careful input circuit design gives the TLC27L4 and TLC27L9 
very good input offset voltage drift characteristics relative to conventional metal-gate processes. Offset 
voltage drift in CMOS devices is highly influenced by threshold voltage shifts caused by polarization of 
the phosphorus dopant implanted in the oxide. Placing the phosphorus dopant in a conductor (such as 
a polysilicon gate) alleviates the polarization problem, thus reducing threshold voltage shifts by more than 
an order of magnitude. The offset voltage drift with time has been calculated to be typically 0.1 »V/month, 
including the first month of operation. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLC27L4 
and TLC27L9 are well suited for low-level signal processing; however, leakage currents on printed circuit 
boards and sockets can easily exceed bias current requirements and cause a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 in the 
Parameter Measurement Information section). These guards should be driven from a low-impedance source 
at the same voltage level as the common-mode input (see Figure 40). 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC27L4 and TLC27L9 result in a very low noise 
current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kQ, since bipolar devices exhibit 
greater noise currents. 


(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER 
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FIGURE 40. GUARD-RING SCHEMES 


output characteristics 


The output stage of the TLC27L4 and. TLC27L9 is designed to sink and source relatively high amounts 
of current (see typical characteristics). If the output is subjected to a short-circuit condition, this high current 
capability can cause device damage under certain conditions. Output current capability increases with supply 
voltage. 


All operating characteristics of the TLC27L4 and TLC27L9 were measured using a 20-pF load. The devices 
will drive higher capacitive loads; however, as output load capacitance increases, the resulting response 
pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation (see Figure 41). 
In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 
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TYPICAL APPLICATION DATA 


2 


(a) CL = 20 pF, RL = NO LOAD (b) CL = 260 pF, Ry = NO LOAD 


Operational Amplifiers 


Vo 
Vi Cc. Ta = 25°C 
f = 1 kHz 
Vipp = 1V 
-2.5V 
(c) CL = 310 pF, RL = NO LOAD (d) TEST CIRCUIT 


FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 


Although the TLC27L4 and TLC27L9 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a 
pullup resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First, the NMOS pull-down transistor N4 (see equivalent schematic) 
must sink a comparatively large amount of current. In this circuit, N4 behaves like a linear resistor with 
an on-resistance between approximately 60 2 and 180 2, depending on how hard the op amp input is 
driven. With very low values of Rp, a voltage offset from O V at the output will occur. Second, pullup 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N5 is not supplying the output current. 


feedback 


Op amp circuits nearly always employ feedback, and since feedback is the first prerequisite for oscillation, 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with the 
feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 
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TYPICAL APPLICATION DATA 


Vpp- Vo 


Rp = 
. lp + IL + Ip 


Ip = Pullup current required by 
the op amp (typically 500 ,»A) 


FIGURE 42. RESISTIVE PULLUP TO INCREASE Vow FIGURE 43. COMPENSATION FOR 
INPUT CAPACITANCE 


electrostatic discharge protection 


The TLC27L4 and TLC27L9 incorporate an internal electrostatic discharge (ESD) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. 
Care should be exercised, however, when handling these devices, as exposure to ESD may result in the 
degradation of the device parametric performance. The protection circuit also causes the input bias currents 
to be temperature dependent and have the characteristics of a reverse-biased diode. 


latchup 


Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC27L4 
and TLC27L9 inputs and outputs were designed to withstand — 100-mA surge currents without sustaining 
latchup; however, techniques should be used to reduce the chance of latchup whenever possible. Internal 
protection diodes should not, by design, be forward biased. Applied input and output voitage should not 
exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 uF typical) 
located across the supply rails as close to the device as possible. 
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The current path established if latchup occurs is usually between the positive supply rail and ground and 
can be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed 
the supply voltage. Once latchup occurs, the current flow is limited only by the impedance of the power 
supply and the forward resistance of the parasitic thyristor and usually results in the destruction of the 
device. The chance of latchup occurring increases with increasing temperature and supply voltages. 
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TLE27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


1/4 


vor \/ ® 


Vo2 | | 


0.1 pF 


FIGURE 44. MULTIVIBRATOR 


100 kQ 


Operational Amplifiers a 


NOTE: Vpp = 5Vto 16 V 


FIGURE 45. SET/RESET FLIP-FLOP 
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TLO27L4, TLC27L4A, TLCO27L4B, TLC27L9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


VpD 
1/4 
vi TLC27L9 
Vo 
Vpp 
$4 © X1 
4 
reaeor [3 [82 Ao. 
P Ay _| 10 | 100 | i 9 kn 
idee ANALOG 5 
2 SWITCH 


1 kQ 


NOTE: Vpp = 5V to 12 V 
FIGURE 46. AMPLIFIER WITH DIGITAL GAIN SELECTION 


10 kQ 
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vi 


1/4 


TLC27L4 100 ko 


NOTE: Vpp = 5 Vto 16 V 


FIGURE 47. FULL-WAVE RECTIFIER 
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TLC27L4, TLC27L4A, TLO27L4B, TLC27L9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


0.016 pF 


Vi 


0.016 pF 


NOTE: Normalized to Fc = 1 kHz and Ry = 10 kQ 


FIGURE 48. TWO-POLE LOW-PASS BUTTERWORTH FILTER 


NOTES: Vpp = 5 V to 16 V 


R2 
Vo = RI (Vip- Via) 


FIGURE 49. DIFFERENCE AMPLIFIER 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


D3140, OCTOBER 1987—REVISED FEBRUARY 1989 


Trimmed Offset Voltage: D, JG, OR P PACKAGE 
TLC27M7 ... 500 nV Max at 25 °C, (TOP VIEW) 
Vpp = 5V 


@ Input Offset Voltage Drift . . . Typically 
0.1 »V/Month, Including the First 30 Days 


@ Wide Range of Supply Voltages over 


Specified Temperature Range: FK PACKAGE 
— 55°C to 125°C. ..4Vto 16V (TOP VIEW) 
-40°C to 85°C ...4Vto 16 V = 
0°C to 70°C...3 Vto 16 V > Oa 
OF0 AO 
Single-Supply Operation ES ee 2 
3 2: 7 2079 


Common-Mode Input Voltage Range 


Extends Below the Negative Rail (C-Suffix, NC 18L] NC 
|-Suffix types) LIN 17) 2 OUT 
- i NC 16L] NC 

@ Low Noise... Typically 32 nV/J/Hz rete 1sT]2 IN 


14L]NC 


@ Low Power... Typically 2.1 mW at 25°C, 12 
vob = SV SoU +O 
ZZ22 52 

@ Output Voltage Range Includes Negative O = 


Rail 
High Input Impedance . . . 1012 Q Typical 


NC —No internal connection 


ESD-Protection Circuitry 
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Small-Outline Package Option Also Available 
in Tape and Reel 


@ Designed-in Latchup Immunity 


AVAILABLE OPTIONS 


V ax 
1 ie SMALL CHIP CERAMIC PLASTIC 
A 25°C OUTLINE CARRIER DIP 
(D) (P) 


DISTRIBUTION OF TLC27M7 
INPUT OFFSET VOLTAGE 


340 Units tested from 2 wafer lots 


Vpp = 5V 
joo |500av | TuGa7M7GD | __— | TLG27M7GsG | TLc27M7GP_| x» | TA~ 26°C | 
°° [amv |rucz7maacn] _— | Tucz7mzeciG| Tuc27maecp |  2o|° Perks 
to. [_smvfticz7maaco] _— | Tucz7maacic| Tuca7maace | § 

Tiomv|tucz7maco |__| TLca7maciG | Tuc27mace | = 
“yoag [500m | Tucz7M7ID | __— | tLca7m7uG | TLc27M7IP_| & 
0% [amv | Tucz7m2eiD |__| T.ca7maeuG | Tuc27m2eP_| = 
aoe (_Smv|ticz7aain | _— | Tuca7m2aue | tic27mzar | § 

Tiomv|Tucz7mzi> | — | Tuca7m2uG | tucz7map | * 


0 
— 800 - 400 0 400 800 
Vio—Input Offset Voitage—p»V 


~55°C | 500 pv | =| TLe27M7MFK TLC27M7MJG S| 
to 
) = |TL¢27M2MFK TLC27M2MJG Ree | 


The D package is available in tape and reel. Add R suffix to the device type (e.g., 
TLC27M7CDR). 


125°C 10 mV 


LinCMOS is a trademark of Texas Instruments Incorporated 


PRODUCTION DATA documents contain : 
information current as of publication date. v] 
be te — to oma er the terms TEXAS 
of Texas Instruments standard warranty. 
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TLE27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


description 


sisiyduiy jeuoieisdg HW) 


The TLC27M2 and TLC27M7 dual operational amplifiers combine a wide range of input offset voltage 
grades with low offset voltage drift, high input impedance, low noise, and speeds comparable to that of 
general-purpose bipolar devices. These devices use Texas Instruments silicon-gate LinCMOS™ technology, 
which provides offset voltage stability far exceeding the stability available with conventional metal-gate 
processes. 


The extremely high input impedance and low bias currents make these cost-effective devices ideal for 
applications which have previously been reserved for general-purpose bipolar products, but with only a 
fraction of the power consumption. Four offset voltage grades are available (C-suffix and |-suffix types), 
ranging from the low-cost TLC27M2 (10 mV) to the high-precision TLC27M7 (500 nV). These advantages, 
in combination with good common-mode rejection and supply voltage rejection, make these devices a good 
choice for new state-of-the-art designs as well as for upgrading existing designs. 


In general, many features associated with bipolar technology are available on LinCMOS™ operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC27M2 and TLC27M7. The devices also exhibit low voltage single-supply operation and low 
power consumption, making them ideally suited for remote and inaccessible battery-powered applications. 
The common-mode input voltage range includes the negative rail. 


A wide range of packaging options is available, including small-outline and chip carrier versions for high- 
density system applications. 


The device inputs and outputs are designed to withstand — 100-mA surge currents without sustaining 
latchup. 


The TLC27M2 and TLC27M7 incorporate internal ESD-protection circuits that prevent functional failures 
at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be 
exercised in handling these devices as exposure to ESD may result in the degradation of the device 
parametric performance. 


M-suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. I-suffix devices are characterized for operation from —40°C to 85°C, and C-suffix devices 
are characterized for operation from O°C to 70°C. 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


equivalent schematic (each amplifier) 


Vpp 
P3 P4 
R6 
R1 R2 
IN — eee | 
P5 P6 
P1 P2 
IN + 
R5 
OUT 
N1 N6 N7 
R3 R7 
GND 
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TLO27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUBD Wns, \itaty (BRM ete Lo fae ahs aw ade og a oe NRE weed aa wn eae are 18 V 
Ditreranitia: input Vormmam nage WOU Bi tenes i scenes ae res a 0 oo ebapibeete’, «hae ne etme Bae 3 +Vpp 
input voltage range, Victany input) |. 55S s.ae ets genes we ere en ts 2 0 Bo weles -—0.3 V to Vpp 
IER CEPI Mas 5 ceca ees sk x a sa ee eg we le de ce eae ce oe SE Ao Re ec ee +5 mA 
ROUT CURIONI Rte OETCOUIE) <5 Bares pote + 4 6c eiece! #4 & 4, ued SE wo Cake +30 mA 
Pots Gubpena Into Vm cerniial. 25:5 -tneetiee. oe cs ORs cs le 6 ee ees oly oe ee ae A 45 mA 
Toetel.-current out of Ground terminal. se. ss os na ices eee ee ee 45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)..............52000% unlimited 
Conzinuous turelimemeeinon.. ds Poe swe es aS ee ce we es See Dissipation Rating Table 
? Operating free-air temperature, TA: M-suffix... 2... ee ee ee - 55°C to 125°C 
iO 8g ee? Mien aerse fae ae Si —- 40°C to 85°C 

ERE aliy deat sce hh: Hain od eda lite aan 0°C to 70°C 

StOraGe TEMDSrAtUre-fENGS |... 5 Re dic we Rte oe ale Caw we ieee bees -—65°C to 150°C 
Case. temperature for GO seconds: Fi packaoe , f. 1... du ch eek eee eed ees 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


DISSIPATION RATING TABLE 


Ta <= 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Tag = 25°C POWER RATING POWER RATING POWER RATING 
D 725 mW 5.8 mW/°C 
FK 1375 mW 11 mW/°C 
JG (M-suffix) 1050 mW 8.4 mW/°C 
JG (C-, |-suffix) 825 mW 6.6 mW/°C 
P 1000 mW 8.0 mW/°C 
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pe) 
eo. 
‘e) 
pe 
© 
> 
3 
So 
=, PACKAGE 
© 

= 
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recommended operating conditions 


Supply voitage, Vpp 


Common-mode input voltage, V vOp 2 
Z ae Vpp = 10 V 
Operating free-air temperature, Ta |-55 ——- 125 | -40 85 
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| - TLC27M2M, TLC27M7M 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


NIT 


= = ° 
Rs = 50Q, R_ = 100 kQ Full range 


Vic = OV, 185 500 


Rs = 509, Ri = 100 kQ Full range 
Average temperature coefficient 25°C to 17 v/ ob 
a a4 ‘ 4 
Ver lof input offset voltage. 125°C é 
lo Input offset current (see Note 4) Vo = 2.5 V, Vic = 2.5 V 
lip Input bias current (see Note 4) Vo = 2.5 V, 


Common-modde input 
voltage range (sée Note 5) 


3 
< 


. 
< 


2 


= | 


High-level output voltage 100 mV, Ri = 100 kQ 


Low-level output voltage Vip = —100 mV, 


3 


Large-signal differential 


DE. Vo = 0.25Vto2V, R_ = 100 kQ 
voltage amplification 


Operational Amplifiers 


Common-mode rejection ratio Vic = VicrR min 


Supply-voltage rejection ratio 

ete Cor tO Vpp = 5 V to 10 V, 
(AVpp/AVjo) 
Supply current Vo = 2.5 V, 
(two amplifiers) No load 


fie 
A 
| nA 
| pA 3 


T Full range is —55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLO27M2M, TLC27M7M | 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted) 


TEST CONDITIONS 


TLC27M2M 
VIO Input offset voltage 
Vo = 1.4V, 
TLC27M7M | .° 
Rs = ' 
Average temperature coefficient 
vie of input offset voltage 
lo Input offset current (see Note 4) Vo = 5V, Vic = 5V 
iB Input bias current (see Note 4) Vo = 5V, Vic = 5V 


Common-mode input 
voltage range (see Note 5) 


< 


Be 
< 


NO 
oF 

° 
io) 


2 


8.5 


8 8.7 
High-level output voltage 100 mV, 7.8 8.6 


8.8 


Low-level output voltage Vip = —100 mV, 


L -signal diff tial 
arge-signal differentia Vo =1Vto6V, 


S$ 
3 
< 


voltage amplification 


Sudipjduiy jeuoijessdCO 


Common-mode rejection ratio Vic = VICR min 


i<e) 
Ww 


Supply-voltage rejection ratio 


V = 5Vto 10V, 
(AVpp/AVio) ae 


285 600 
490 1000 
125° 180 480 


Supply current Vo = 5V, 
(two amplifiers) No load 


i<e) 


; 


T Full range is —55°C to 125°C. 


NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27M2i, TLC27M2Al, TLC27M2Bi, TLC27M71 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
TLCO INI Vo = 1.4 V, Vic = OV 26°C 
Rs = 5092, Ri. = 100 ko Fulenge} =< 8] 
Rs = 500, Ri = 100 kQ Full range 
VIO Input offset voltage 
Vo = 1.4V, Vic = OV, 220 2000 
TLC27M2BI 
Rs = 509, R_ = 100 kQ Fullrange} = —- 3500 | 


Vic = OV, 


3 
< 


. 
< 


RL = 100 ka 


Average temperature coefficient 25°C to 7 V/°C 2? 
a ° 
VIO of input offset voltage 85°C e 


= cON  S 

Vo = 2.5V, Vic = 2.5 V 241000 | PA 
Yee: 

Vo = 2.5 V, Vic = 2.5 V 200 2000 


Te) Input offset current (see Note 4) 
lip Input bias current (see Note 4) 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage Vip = 100 mV, R_ = 100 kQ 


| 


Operational Amplifiers 


Low-level output voltage Vip = —100 mV, lot = 0 


~ 


265 170 
Large-signal differential 
fun ioe a Vo = 0.25 Vto2V, RL = 100ka —40°c | 15 270 VimV 
voltage amplification 
ac | es 
2c | 65 91 
Common-mode rejection ratio Vic = VICR min 60 90 
60__90 


Supply-voltage rejection ratio 
(AVpp/AVio) 


Vpp = 5Vto10V, Vo = 1.4V 


Supply current 
(two amplifiers) 


Vo = 2.5 V, Vic = 2.5 V, 


| 
DD No load 


tT Full range is —40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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‘TLC27M2I, TLO27M2Al, TLC27M2Bi, TLO27M7\ 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 10 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 


25°C aaa kL 
TLC27M21 ae 
jreczrmat | £0 = Fullrange}| 13 
=< 5 a eS 
TLC27M2Al 
ieee meee aaet [ecz7eat = 50 @, = 
wae ic 7 7 Vo = 1.4V, vi = OV, 224 2000 
TLC27M2BI 
maer8. = 100 ko ES ee 
TLC27M71 ti fe) 
Full range a meee 


Average temperature coefficient 25°C to 
of input offset voltage 85°C 


° 


Oln 
SIO 
— 
8 


ip Input bias current (see Note 4) Vo = 5V, Vic = 


220 2000 


Common-mode input 


ie 
voltage range (see Note 5) : 

Full range to 

= 


~]~] | 
O;olraola 


High-level output voltage 


©} © 
~SIIN 


siaipduiy jeuoneisdg L 


Low-level output voltage 


Large-signal differential 
voltage amplification 


Avp 1Vto6V, 


25 
V/mV 


Common-mode rejection ratio VICR min 


Supply-voltage rejection ratio 
sae «tial: Vpp = 5 V to 10 V, 
(AVpp/AVio) 
Supply current Vo = 5V, 
(two amplifiers) No load 


T Full range is —40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27M2C, TLC27M2AC, TLC27M2BC, TLC27M7C 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Rg = 509, RL = 100 kQ Fullvengel §.\\ - , 42E| a4 
iba OCeay Oy Mew ON mel ose 
Rs = 509, Rt = 100 ka Fuvrnoe| (= = = 6.6. 
Vio Input offset voltage - 
sietjiione s = 1.4V, Vic = OV, 220 2000 
= 500, RL = 120 ka Fullrange| =~—3000 | - 
= 1.4, - = | 2sec [185500 | * 
TLC27M7C 
= 500, spin Ka Full range — 


2 


Average temperature coefficient 25°C to vec 

of input offset voltage = a, . 
Ho 

Input offset current (see Note 4) | Vo = 2.5 V, Vic = 2.5 V 


p70Se To ees 
SARE 
iB Input bias current (see Note 4) Vo = 2.5 V, Vic = 2.5 V 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage Ri = 100 k? 


Low-level output voltage Vip = —100 mV, lo. = 0 


Operational Amplifiers 


Large-signal differential 


Pa Vo = 0.25Vto2V, R,_ = 100 k2 
voltage amplification 


AvD 


Common-mode rejection ratio Vic = Vicr min 


Supply-voltage rejection ratio 


Vpp = 5Vto 10 V, 
(AVpp/AVioC) ae 


Supply current 
(two amplifiers) 


Vo = 2.5 V, Vic = 2.5 V, 
No load 


T Full range is O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27M2C, TLC27M2AC, TLC27M2BC, TLC27M7C 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vp>p = 10 V (unless otherwise noted) 


Vic = OV, 
R_ = 100 kQ 
: Vic = OV, 

Vio Input offset voltage Dennen LO eee 52 
Vic= OV, | 26°C | __224 2000 | 
ee Full range| 3000 | 
vic Lee 180 800 | 

~ 100 40 Full range| 1800 | 


Ll cl temperature coefficient 25°C to 
SS a [ae 
O Input offset current (see Note 4) per ee 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage Vip = 100 mv, RL = 7.8 8.7 
7.8 8.7 


Low-level output voltage Vip = —100 mV, 


Sisipyduiy jeuoiessdg aS 


Large-signal differential 
I sittaalae Sd Vo=1Vto6V, RL= 
voltage amplification 


Common-mode rejection ratio Vic = VicR min 


Supply-voltage rejection ratio 

er een oe Vpp = 5 V to 10 V, 
(AVpp/AVjo) 
Supply current 
(two amplifiers) 


T Full range is O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 


ces | TEXAS wy 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLC27M2M, TLC27M7M_ 


LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, VDp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Ry = 100 kQ, 
Ci = 20 pF, 
: See Figure 1 


SR 


Equivalent input noise voltage 


Slew rate at unity gain 


Vipp = 2.5 V 


= 1\kHz, 
ict Figure 2 


Rs = 1009, 


Cy. = 20 pF, 
See Figure 1 


V = V ‘ 
Bom Maximum output swing bandwidth % pe wae 


B 
L See Figure 3 


Unity-gain bandwidth 


f = By, 


Ph in 
ase margi See Figure 3 


om 


operating characteristics, VDp = 10 V 


Vv = 
RL = 100 ka, ry 
SR Slew rate at unity gain CL = 20 pF, 
See Fi 1 
ee Figure Vipp = 5.5 V 
f = 1)kHz; Rs = 1000, 


Vn Equivalent input noise voltage 


Bom Maximum output swing bandwidth 


See Figure 2 


CL = 20 pF, 
See Figure 1 


Vo = VOH. 
RL = 100 kQ, 


Vj = 10 mV, 
See Figure 3 


By Unity-gain bandwidth 


Vj; = 10 mV, 
CL = 20 pF, 


f = By, 
See Figure 3 


om Phase margin 


Vipp- = 1V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


geet ane 
TL a 
Ls a 
Fagec | ad 
seg | ose 
yas | one 


Pae[ ef 


ee ae aes 
eBRSC: ys BO 
act so 
oct ee 
coe ee 
rs 
age | ae 
Paeec | ae 
Page | ge 


V/us 


2 


Fasc | oes 
oe a TT 
ieee | oss 
gee | bee 
Taasc | oss 


Pepe fae 
Set — ee 
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TLO27M2i, TLC27M2Al, TLC27M2Bi, TLC27M71 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, VpDp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
We. Vea: eae 
VV ee ae 
i. te eae 
V 
gee eee 
Vipp = 2.5 V 


V 
RL = 100 ka, ahi 


Cy = 20 pF, 
See Figure 1 


SR Slew rate at unity gain 


Be. hs Sa 
f = 1 kHz, Rs = 1000, 
Vn Equivalent input noise voltage : 5 S 25°C nV/./Hz 
See Figure 2 


pvaeig) ee 
Sol (ee ee 


Vo = VOH. CL = 20 pF, 


B Maxi tput swing bandwidth 
Cee ey eet Fy ae ae, See Figure 1 


250 | as 
Vi = 10 mV, 
B Unity-gain bandwidth - 40°C 
1 nity-gain bandwi See Figure 3 | —40°C | 


iO 7 ee Oe 
rna0sG | aetna 
eae cee 


f = By, 


Pha argin 
?m i CL = 20 pF, See Figure 3 


operating characteristics, VDp = 10 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


R~_ = 100 kQ, 
SR Slew rate at unity gain Cy = 20 pF, 
See Figure 1 


f = WkHz, 


V Equivalent input noise voltage 
n " . ? See Figure 2 


RL = 100 kQ, See Figure 1 


Bom Maximum output swing bandwidth 


Vj; = 10 mV, 


B Unity-gain bandwidth 
L ahd ses cle bi See Figure 3 


om Phase margin 


2-682 TEXAS ¥i 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLC27M2C, TLC27M2AC, TLC27M2BC, TLC27M7C 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vpp = 5 V 


TYP MAX | UNIT 


R_ = 100 kQ, 
SR Slew rate at unity gain Cy = 20 pF, 
See Figure 1 


f = 1 kHz, 
See Figure 2 


Vn Equivalent input noise voltage 


1E 


Bom Maximum output swing bandwidth 


See Figure 1 


= 10 mV, 


B Unity-gain bandwidth 
1 nity-gain bandwi See Figure 3 


f = By, 


sss ees ape eee 


om Phase margin 


operating characteristics, VDp = 10 V 


TYP MAX | UNIT 


R_ = 100 kQ, 
SR Slew rate at unity gain CL = 20 pF, 
See Figure 1 


Vv Equivalent input noise volt RNS 
uivaient input noise voitage 
3: : e 9 See Figure 2 


Vo = VOH. C, =.20 nF, 
BoM Maximum output swing bandwidth] YO = YOH Lee 
c-= ' 
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See Figure 1 


V; = 10 mV, 


B Unity-gain bandwidth 
1 ie lace See Figure 3 


f = By, 
See Figure 3 


¢m _—~ Phase margin 
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PARAMETER MEASUREMENT INFORMATION 


single-supply versus split-supply test circuits 


Because the TLC27M2 and TLC27M7 are optimized for single-supply operation, circuit configurations used 
for the various tests often present some inconvenience since the input signal, in many cases, must be 
offset from ground. This inconvenience can be avoided by testing the device with split supplies and the 
output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is shown 
below. The use of either circuit will give the same result. 


; ee Sh 
vi VI 
c RL R 
A?) 
ra) = = 
S Vop - 
ry (a) Single-Supply (b) Split-Supply 
= FIGURE 1. UNITY-GAIN AMPLIFIER 
p> 10 kQ 
a 
party 
wom 1/2 V 
o DD . Hae Vo 
— 
” 100 0 100 2 
= = Voo- 
(a) Single-Supply (b) Split-Supply 
FIGURE 2. NOISE TEST CIRCUIT 
10 kQ 10 kQ 
100 @ 100 2 
vi Vi 
Vo Vo 
1/2 Vpp an CL Cy, 
3 : ~  Vpp- 
(a) Single-Supply (b) Split-Supply 


FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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PARAMETER MEASUREMENT INFORMATION 
input bias current 


Because of the high input impedance of the TLC27M2 and TLC27M7 op amps, attempts to measure the 
input bias current can result in erroneous readings. The bias current at normal room ambient temperature 
is typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions 
are offered to avoid erroneous measurements: 


1. Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 


2. Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the ‘‘open-socket’’ leakage readings from the readings obtained with a device in the 
test socket. 


2 


One word of caution . . . many automatic testers as well as some bench-top op amp testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current 
(the voltage drop across the series resistor is measured and the bias current is calculated). This method 
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an ‘‘open- 
socket’’ reading is not feasible using this method. 


V = Vic 
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FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(JG AND P DUAL-IN-LINE-PACKAGE) 


low-level output voltage 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output being dependent on both the common-mode input voltage 
level as well as the differential input voltage level. When attempting to correlate low-level output readings 
with those quoted in the electrical specifications, these two conditions should be observed. If conditions 
other than these are to be used, please refer to Figures 14 through 19 in the Typical Characteristics of 
this data sheet. 
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PARAMETER MEASUREMENT INFORMATION 
input offset voltage temperature coefficient 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. 
This parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both 
the device and the test socket. This moisture will result in leakage and contact resistance which can cause 
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on 
the leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 


B full-power response 


Full-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways... . full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a 
sinusoidal input signal until the maximum frequency is found above which the output contains significant 
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion, 
above which full peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for ‘‘significant’’ distortion, the full-peak response is 
specified in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the 
use of a sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of 
the sinusoidal wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square 
wave of the same amplitude. The frequency is then increased until the maximum peak-to-peak output 
can no longer be maintained (Figure 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 


Oe Ge Binds ET 


(a) f = 1 kHz (b) Bom > f > 1 kHz (c) f = Bom (d) f > Bom 
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FIGURE 5. FULL-POWER-RESPONSE OUTPUT SIGNAL 


test time 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short- 
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices 
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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DISTRIBUTION OF TLC27M2 DISTRIBUTION OF TLC27M2 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 
612 Amplifiers tested from 4 wafer lots 612 Amplifiers tested from 4 wafer lots 
Ta = 25°C Ta = 25°C 
2 P Package 2 P Package 
2 , 
‘ce = 
: : 
© ) 
® 
Z : 
E 5 2 
2 5 Co 
a 3 ro" 
| <q 
-5 -4-3 -2-1 0 1 2 3 4 5 -5 -4 -3 -2-1t 0 1 2° 3 4 5 rad 
Vio—Input Offset Voltage—mV Vio—Input Offset Voltage—mV Oo 
FIGURE 6 FIGURE 7 os 
he 
® 
DISTRIBUTION OF TLC27M2 AND TLC27M7 DISTRIBUTION OF TLC27M2 AND TLC27M7 2. 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE ‘@) 
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT 
224 Amplifiers tested from 6 wafer lots 224 Amplifiers tested from 6 wafer lots 
Vpp = 5V Vpp = 10 V | 
Ta = 25°C to Ta = 25°C to 125°C 
2 125°C 2 P Package 
i P Package i Outliers: 
= Outliers: = (1) 34.6 nV/°C 
- (1) 33.0 nV/°C ei 
) ° 
] i] 
D D 
© © 
¢ r 
c © 
a a 
-10-8 -6 -4-2 0 2 4 6 8 10 -10-8 -6 ~4 -2 0 2°" @ 68": 40 
ayio— Temperature Coefficient—pV/°C avio— Temperature Coefficient—yV/°C 
FIGURE 8 FIGURE 9 
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TYPICAL CHARACTERISTICSt 


HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


Vip = 100 mV 


VOH— High-Level Output Voltage—V 
VoH—High-Level Output Voltage—V 


0 -2 -4 -6 -8 -10 -10 -20 - 30 - 40 
loH—High-Level Output Current—mA loH— High-Level Output Current—mA 
FIGURE 10 FIGURE 11 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
16 Vpp - 1.6 
Vip = 100 mV loH = -5 mA 
14+ RL = 100 kQ Vpp- 1.7 Bate Vip = 100 mV 


Vpp - 1.8 
Vpp - 1.9 
Vpp- 2.0 
Vpp- 2.1 


Vpp-2.2 


VOH— High-Level Output Voltage —V 
ro) 
VoH—High-Level Output Voltage—V 


Vpp-2.3 


Vpp — 2.4 


0 2 4 6 Be: SO. ee 6 -75 -50-25 O 25 50 75 100 125 
Vpp—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 12 FIGURE 13 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE 


700 


acts 
i EF : 
pauie 


Vip = —100 mV 


Vo_—Low-Level Output Voltage—mvV 
a 
° 
=) 

VoL—Low-Level Output Voltage—mV 
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0 1 2 3 5 0 2 4 6 8 10 
Vic —Common-Mode Input Voltage—V Vic—Common-Mode Input Voltage —V 
FIGURE 14 FIGURE 15 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 

DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 


ee! 
ener t tt | 
-6 -8 


Vo_—Low-Level Output Voltage—mvV 
5 
=) 

Vo_—Low-Level Output Voltage—mvV 


oF 0 
-10 -75 -50-25 0O 25 50 75 100 125 
Yer afta Input Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 16 FIGURE 17 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


LOW-LEVEL OUTPUT VOLTAGE 


vs 
LOW-LEVEL OUTPUT CURRENT 


Vip = -1V 
Vic = 0.5 V 
Ta = 25°C 


Vo_—Low-Level Output Voltage—V 


lo_—Low-Level Output Current—mA 
FIGURE 18 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
SUPPLY VOLTAGE 


7 = 
Ta = —55°C 


ney 2a 
si SS a a 

MEY ages 
»o| | A A 
A 9; cm 
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Se ro a 
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0 2 4 6 8 
Vpp—Supply Volitage—V 
FIGURE 20 


Avp-— Differential Voltage Amplification—V/mV 
N 
a 
=) 


10 12 14 16 


LOW-LEVEL OUTPUT VOLTAGE 


vs 
LOW-LEVEL OUTPUT CURRENT 


Vo_—Low-Level Output Voltage—V 


0 
0 5 10 15 20 25 30 
loL— Low-Level Output Current—mA 
FIGURE 19 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
FREE-AIR TEMPERATURE 


> 
pee ia io a 
oe TE OB ss, 


RL = 100 kQ 


8 


350 : 
Pa Se 
300 
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eee ote eet 
‘te pe 


Ayvp-— Differential Voltage Amplification— 
° 
° 


0 
-75 -50 -25 0O 25 50 75 100 125 
Ta—Free-Air Temperature— °C 


FIGURE 21 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICST 


COMMON-MODE 
INPUT BIAS CURRENT AND INPUT OFFSET CURRENT INPUT VOLTAGE POSITIVE LIMIT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
10000 
ROG RR 


pp ye 


ii a 


Vic—Common-Mode Input Voltage—V 


lig and ljQ—Current—pA 


SPER | Taee. WAM el ES ES) 
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0.1 0 
25 45 65 85 105 125 0 2 4 6 8 1... 42 ee: 
Ta—Free-Air Temperature — °C Vpp—Supply Voltage—V 
FIGURE 22 FIGURE 23 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 

800 

700 + No load 
% 600 F 
S 500 S 
5 5 
© io) 
> 400 > 
a a 
s s 
7 300 $ 
a Q 
2 200 A=) 

100 

0 0 
2 -75 -50-25 0O 25 50 75 100 125 
Vpp— Supply Voltage—V Ta—Free-Air Temperature— °C 
FIGURE 24 FIGURE 25 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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TYPICAL CHARACTERISTICST 


SLEW RATE SLEW RATE 
vs vs 
SUPPLY VOLTAGE ; FREE-AIR TEMPERATURE 


Ay = 1 
Vop = 10V = 100 ka 


2 L 
Vipp = 5.5 V CL = 20 pF 
See Figure 1 


Ay = 1 
Vipp = 1V : 0.8 
RL = 100 kQ 


CL = 20 pF 


” 

ca 0.7 ay 

oS Ta = 25°C > Vv = 10 V 

t See Figure 1 PSs ef diy 

§ g 0.6 IPP = 

: : “SIN 

2 2 0.5 

! : ee sot Sune = 
. ae 


> YW 
Vpp = 5V 328 


Vpp = 5V 
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(e1e 14 6 8 10 12 14 16 0-776 -50 -25 0 25 50 75 100 125 
Vpp—Supply Voltage—V Ta—Free-Air Temperature— °C 
FIGURE 26 FIGURE 27 
NORMALIZED SLEW RATE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
FREE-AIR TEMPERATURE FREQUENCY 
10 
.) “COMI 


RL = 100 ko ate 
C. = 20 pF 


ir = 125°C 
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See Figure 1 
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6 0 
-75 -50 -25 O 25 50 75 100 125 1 10 100 1000 
Ta—Free-Air Temperature— °C f— Frequency — kHz 
FIGURE 28 FIGURE 29 


Normalized Slew Rate 


VoH— Output Voltage—V 
o 


SSH! 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
900 800 
Vi = 10 mV 
Vpp = 5V ' 
800 iy Vi = 10 mV = CL = 20 * 
CL = 20 pF Lf 5 Mags 
See Figure 3 700\— See Figure 3 
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B4—Unity-Gain Bandwidth—kHz 
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Bz —Unity-Gain Bandwidth—kHz 
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ten 
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‘500 = 
500 = 
400 
450 < 
C 
300 400 c 
-75 -50 -25 0O 50 75 100 125 0 2 4 6 o. To TZ Ia: 46 re) 
Ta—Free-Air aikteduat °C Vpp—Supply Voltage—V = 
FIGURE 30 FIGURE 31 rT 
2. 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE ‘@) 
AMPLIFICATION AND PHASE SHIFT AMPLIFICATION AND PHASE SHIFT 
vs vs 
FREQUENCY FREQUENCY 


Avp-— Differential Voltage Amplification 


0. : 
1 10 100 tk 10k 100k 1M 1 10 100 1k 10k 100k 1M 
f—Frequency — Hz f —Frequency — Hz 
FIGURE 32 FIGURE 33 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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PHASE MARGIN PHASE MARGIN 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
45 
Vi = 10 mV 
CL = 20 pF Yop: 7.5 ¥ 
3 Ta = 25°C y 43 Vi = 10 mV 
& See Figure 3 e cs = 20 pF 
. 2 ee Figure 3 
| 41 
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Vpp—Supply Voltage—V Ta—Free-Air Temperature— °C 

FIGURE 34 FIGURE 35 

PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE 

vs vs 
CAPACITIVE LOAD FREQUENCY 
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¢m—Phase Margin— degrees 
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Vn—Equivalent Input Noise Voltage—nV/VHz 
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0 
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C._—Capacitive Load—pF = ie areca —Hz 
FIGURE 36 FIGURE 37 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL APPLICATION DATA 


single-supply operation 


While the TLC27M2 and TLC27M7 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design includes an input common mode 
voltage range that encompasses ground as well as an output voltage range that pulls down to ground. 
The supply voltage range extends down to 3 V (C-suffix types), thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply 
operation is recommended. 


Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 38). The low input bias current of the TLC27M2 and TLC27M7 permits the use of very large resistive 
values to implement the voltage divider, thus minimizing power consumption. 


The TLC27M2 and TLC27M7 work well in conjunction with digital logic; however, when powering both 
linear devices and digital logic from the same power supply, the following precautions are recommended: 


1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 


Vop 


R3 
VreF = YOD 8a 5 Ra 
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R4 
Vo= (Vaer-v1) R2 * VREF 


(b) Separate Bypassed Supply Rails (preferred) 
FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 
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TYPICAL APPLICATION DATA 


input characteristics 


The TLC27M2 and TLC27M7 are specified with a minimum and a maximum input voltage that, if exceeded 
at either input, could cause the device to malfunction. Exceeding this specified range is a common problem, 
especially in single-supply operation. Note that the lower range limit includes the negative rail, while the 
upper range limit is specified at VDD —1 V at Ta = 25°C and at Vpp-—1.5 V at all other temperatures. 


The use of the polysilicon-gate process and the careful input circuit design gives the TLC27M2 and TLC27M7 
very good input offset voltage drift characteristics relative to conventional metal-gate processes. Offset 
voltage drift in CMOS devices is highly influenced by threshold voltage shifts caused by polarization of 
the phosphorus dopant implanted in the oxide. Placing the phosphorus dopant in a conductor (such as 
a polysilicon gate) alleviates the polarization problem, thus reducing threshold voltage shifts by more than 
an order of magnitude. The offset voltage drift with time has been calculated to be typically 0.1 »V/month, 
including the first month of operation. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLC27M2 
and TLC27M7 are well suited for low-level signal processing; however, leakage currents on printed circuit 
boards and sockets can easily exceed bias current requirements and cause a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 in the 
Parameter Measurement Information section). These guards should be driven from a low-impedance source 
at the same voltage level as the common-mode input (see Figure 40). 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC27M2 and TLC27M7 result in a very low 
noise current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kQ, since bipolar devices exhibit 
greater noise currents. 


(a) Noninverting Amplifier (b) Inverting Amplifier (c) Unity-Gain Amplifier 


sisiyduiy jeuonjeisdg BW) 


FIGURE 40. GUARD-RING SCHEMES 


output characteristics 


The output stage of the TLC27M2 and TLC27M7 is designed to sink and source relatively high amounts 
of current (see typical characteristics). If the output is subjected to a short-circuit condition, this high current 
capability can cause device damage under certain conditions. Output current capability increases with supply 
voltage. 


All operating characteristics of the TLC27M2 and TLC27M7 were measured using a 20-pF load. The devices 
will drive higher capacitive loads; however, as output load capacitance increases, the resulting response 
pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation (see Figure 41). 
In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 
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2 


(a) C, = 20 pF, R, = no load (b) Cc, = 170 pF, R = no load 
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Vo 
i Cc. Ta = 25°C 
f = 1 kHz 
Vipp = 1V 
-2.5V 
(c) C, = 190 pF, R = no load (d) Test Circuit 


FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 


Although the TLC27M2 and TLC27M7 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a 
pullup resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First, the NMOS pull-down transistor N4 (see equivalent schematic) 
must sink a comparatively large amount of current. In this circuit, N4 behaves like a linear resistor with 
an on-resistance between approximately 60 2 and 180 Q, depending on how hard the op amp input is 
driven. With very low values of Rp, a voltage offset from O V at the output will occur. Second, pullup 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N5 is not supplying the output current. 


feedback 


Op amp circuits nearly always employ feedback, and since feedback is the first prerequisite for oscillation, 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with the 
feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


Cc 
nt ve ¥O 
le ee he 
Ip = Pullup current required by Vo 
the op amp (typically 500 pA) 
FIGURE 42. RESISTIVE PULLUP TO INCREASE VoH FIGURE 43. COMPENSATION FOR 


INPUT CAPACITANCE 


electrostatic discharge protection 


The TLC27M2 and TLC27M7 incorporate an internal electrostatic discharge (ESD) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. 
Care should be exercised, however, when handling these devices, as exposure to ESD may result in the 
degradation of the device parametric performance. The protection circuit also causes the input bias currents 
to be temperature dependent and have the characteristics of a reverse-biased diode. 


latchup 


Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC27M2 
and TLC27N7 inputs and outputs were designed to withstand — 100-mA surge currents without sustaining 
latchup; however, techniques should be used to reduce the chance of latchup whenever possible. Internal 
protection diodes should not, by design, be forward biased. Applied input and output voltage should not 
exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 pF typical) 
located across the supply rails as close to the device as possible. 


The current path established if latchup occurs is usually between the positive supply rail and ground and 
can be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed 
the supply voltage. Once latchup occurs, the current flow is limited only by the impedance of the power 
supply and the forward resistance of the parasitic thyristor and usually results in the destruction of the 
device. The chance of latchup occurring increases with increasing temperature and supply voltages. 
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TLO27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


1N4148 


NOTES: Vopp = 2 V 
1 
>>> 
2x JRTR2C1C2 


FIGURE 44. WIEN OSCILLATOR 


Operational Amplifiers ie 


5V 
1/2 ’ Is 
VI TLC27M7 


2N3821 


NOTES: V; = OVto3V 


FIGURE 45. PRECISION LOW-CURRENT SINK 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


5V 
GAIN CONTROL 
1 MQ 


see Note A 4 pF 100 kQ 


1/2 1 pF 
TLC27M2 100 ka 


NOTE A.: Low to medium impedance dynamic mike 


FIGURE 46. MICROPHONE PREAMPLIFIER 


sidiyduiy jeuoijeisdo me 


1/2 


Vv 
TLC27M2 0 


150 pF 


NOTES: Vpp = 4Vto 15 V 
VrReF = OV to Vpp-2 V 


FIGURE 47. PHOTO DIODE AMPLIFIER WITH AMBIENT LIGHT REJECTION 
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TLO27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


1 MQ 


1/2 
1 TLC27M2 


100 kQ 


100 kQ 


NOTES: Vpp = 8 Vto 16 V 
Vo = 5V,10mA 


FIGURE 48. 5-V LOW-POWER VOLTAGE REGULATOR 


Operational Amplifiers 


5V 
1 MO 
0.01 uF 
Mu 0.22 pF 
(— Vo 
1/2 
TLC27M2 
1 MO 
100 ko 18 
10 ko 
0.1 pF 


FIGURE 49. SINGLE-RAIL AC AMPLIFIER 
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TLO27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


D3143, OCTOBER 1987—REVISED AUGUST 1988 


Trimmed Offset Voltage: D, J, OR N PACKAGE 
TLC27M9 . . . 900 pV Max at 25 °C, (TOP VIEW) 
Vpp = 5V 


@ Input Offset Voltage Drift . . . Typically 
0.1 »V/Month, Including the First 30 Days 


@ Wide Range of Supply Voltages over 
Specified Temperature Range: 
-55°C to 125°C ...4Vto 16 V 
-40°C to 85°C ...4Vto 16 V 
0°C to 70°C ...3Vto 16 V 


FK PACKAGE 2 
Single-Supply Operation (TOP VIEW) 
Common-Mode Input Voltage Range bas igds a 
Extends Below the Negative Rail (C-Suffix, Z0Oy02 
Suffix Types) 
PAR ee: 


@ Low Noise. . . Typically 32 nV//Hz 


1IN+E]4 18L14 IN+ 
at f= Tkhe NCf}5 17 (INC 

@ Low Power... Typically 2.1 mW at 25°C, Vopi6 16(J]GND 
Vpp = 5V NCf}7 15(JNC 


2 IN+f]8 14/13 IN+ 
10 11 


@® Output Voltage Range Includes Negative 
Rail ean i som 
KO 
High Input Impedance . . . 1012 0 Typical ies 


2 IN-—[]o 
3 OUTH 
3 IN—-|] 


ESD-Protection Circuitry a 


Operational Amplifiers 


Small-Outline Package Option Also Available Na Neuintaenelesonaction 
in Tape and Reel 


@ Designed-in Latchup Immunity 


AVAILABLE OPTIONS 


Vv 
‘ pois SMALL CHIP CERAMIC 
A OUTLINE CARRIER DIP 
25°C 
(D) (FK) 


orc [900 xv | TLC27M9CD | = — | TLC27M9CJ LC27M9CN 
ee as: 
70°C 


PLASTIC 
DIP 


DISTRIBUTION OF TLC27M9 
INPUT OFFSET VOLTAGE 


301 Units tested from 2 wafer lots 
Vop = 5 V +— 

Ta = 25°C | 
N Package 


(J) (N) 
T 

TLC27M4BCD TLC27M4BCJ | TLC27M4BCN 

TLC27M4ACD|  — | TLC27M4ACJ | TLC27M4ACN 

TLC27M4CD | — — |TLC27M4CJ_ | TLC27M4CN 
— ag ec L200-#V | TLC27M9ID | = — | TLC27M9IJ TLC27MQIN 
= RSE: 
— BaecaE 


| | 
= Sees 


| 
+ 
f 
| 
| 
_— + ae 


TLC27M4BID TLC27M4BlJ | TLC27M4BIN 
TLC27M4AID TLC27M4AlJ | TLC27M4AIN 
TLC27M4ID TLC27M4lJ TLC27M4IN 


~ 85°C | 900 uv eee TLC27M9MFK | TLC27M9MJ eee ee 
to 
caee TLC27M4MFK | TLC27M4MJ Seon S| 


125°c | 10 mV eta 
The D package is available in tape and reel. Add R suffix to the device type (e.g., Tia oe 0 600 1200 
TLC27M9CDR). Vio—Input Offset Voltage—nV 


Percentage of Units—% 


LinCMOS is a trademark of Texas Instruments Incorporated 


PRODUCTION DATA documents contain information : Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

Fe tee ae per i. ane of Texas Lae accor TEXAS 03 
standard warranty. Production processing does no “ 
necessarily falls testing of all parameters. INST RUMENTS 2-7 
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TLO27M4, TLE27M4A, TLC27M4B, TLC27M9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


description 


suaiyduny jeuoneisdg BW 


The TLC27M4 and TLC27M9 quad operational amplifiers combine a wide range of input offset voltage 
grades with low offset voltage drift, high input impedance, low noise, and speeds comparable to that of 
general-purpose bipolar devices. These devices use Texas Instruments silicon-gate LinCMOS™ technology, 
which provides offset voltage stability far exceeding the stability available with conventional metal-gate 
processes. 


The extremely high input impedance and low bias currents make these cost-effective devices ideal for 
applications that have previously been reserved for general-purpose bipolar products, but with only a fraction 
of the power consumption. Four offset voltage grades are available (C-suffix and |-suffix types), ranging 
from the low-cost TLC27M4 (10 mV) to the high-precision TLC27M9 (900 »V). These advantages, in 
combination with good common-mode rejection and supply voltage rejection, make these devices a good 
choice for new state-of-the-art designs as well as for upgrading existing designs. 


In general, many features associated with bipolar technology are available on LinCMOS™ operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC27M4 and TLC27M9. The devices also exhibit low voltage single-supply operation and low 
power consumption, making them ideally suited for remote and inaccessible battery-powered applications. 
The common-mode input voltage range includes the negative rail. 


A wide range of packaging options is available, including small-outline and chip carrier versions for high- 
density system applications. 


The device inputs and outputs are designed to withstand — 100-mA surge currents without sustaining 
latchup. 


The TLC27M4 and TLC27M$9 incorporate internal ESD-protection circuits that prevent functional failures 
at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015; however, care should be exercised 
in handling these devices as exposure to ESD may result in the degradation of the device parametric 
performance. 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. The I-suffix devices are characterized for operation from —40°C to 85°C, and the C-suffix 
devices are characterized for operation from O°C to 70°C. 
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


equivalent schematic (each amplifier) 


P3 P4 
RB 


R1 R2 


OUT 


GND 
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Een WOMB: VEN) AMEO NOI 4) (i ic.ss sk eee we 8 sas. woe eWeek de oe Be Sle eae 18 V 
DAG arOriUll eit ETI EOO VIOUS 2) 1 5a A Sea yes ce vie es Oa tbe eee hk eee eww eh +Vpp 
HGHat. VOMGGE CONOR, rsteny AUC) 55 2s 55 te bss ceteris anne 0 nc ann ag beee eB) ew os we Oe -—0.3 V to Vpp 
CO les 2 2S Aa 3 ORR 4 Ne SPR in... 8 Ea oe ae SARUM  : af ea ono Sian tre erat +5 mA 
COUPEAe GUIETNINL , Uy SOMERPARIONE) nS ss s-% eb te a ope a le + 0 10-8 = Sec Cee he. cae a Oa go +30 mA 
FAOL CLOT D PET Berl Cech cn oe te ao «Naat + fire at nce ae Re noe Ik eas Sr ea 45 mA 
Fotal Current: out Of Groin terminal «vs 4. bcos i peebeatirgs foe’ a a og 0d e 6 0 his tev) ogee cel oe 45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)................006. unlimited 
Cetera Se CIN So dil chs Ges 5 sb aww whe wy Oth Slane ela vow Yee See Dissipation Rating Table 
Operating free-air temperature, TA: M-suffix... 0... 0 ee ees =—§5°C to 126°C 

le ges oaantSn ute bid aig se wa Re ne ee ee —40°C to 85°C 

SSS ee CRE ee tere rete 7 eee 0°C to.:70°C 
Sorat rete Fe: 4, sy se oe © oe nied SC buwtst es chase ae eae eee es -—65°C to 150°C 
Caee temperature for GO seconds: FK: packabe®. 2. 6 he ch ale eee ee ewes pene 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. ; 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded (see application section). 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta, = 25°C POWERRATING POWERRATING POWER RATING 
D 950 mw 7.6 mW/°C 608 mW 


PACKAGE 


sisipduiy jeuoijeiodg BN) 


FK 1375 mW 11 mW/°C 880 mW 

J (M-suffix) 1375 mW 11 mW/°C 880 mW 
J (C-, l-suffix) 1025 mW 8.2 mW/°C 656 mW 
N 1575 mW 12.6 mW/°C 1008 mW 


recommended operating conditions 


Operating free-air temperature, Ta 
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TLC27M4M, TLC27M9M 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS | Tat | MIN” TYP MAX | UNIT 


= 1.4V, Vic = 0, 
fe = 50 0, RL = 100k@ _|Fullrange| 12 
Vo = 1.4V, Vic = 0, 25°C 210-°- 30 
= 500, = 100 kQ |Full range | |Full range | 3750 
Average temperature coefficient 26°C to v/°C 
of input offset voltage 125°C _ 
| 25°C | et 
Input offset t Note 4 = 2.5V, Vic = 2.5 V 
sai a Mesos eae vase [4 16 [nA 


i RE aed 
T=} Input bias current (see Note 4) Vo = 2.5 V, Vic = 2.5 V 26°C | pA 
| 26°] 8 | 


Vio __ Input offset voltage 


2 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage Vip = 100 mV, R~ = 100 kQ 


Low-level output voltage Vip = —100 mV, lol = O mV 


Large-signal differential 
voltage amplification 


Avp Vo = 0.25 Vto2V, RL = 100k9 


Operational Amplifiers 


5 A 
1 ae 


Common-mode rejection ratio Vic = VicR min a 


ee 
Pizsec[ 60 94 | 
—55°C 680 1760 pA 
i25°c [ _—-280_~—*720~*| 

T Full range is —55°C to 125°C. 


NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 


Supply-voltage rejection ratio 


V =5Vto10V, Vo =1.4V 
(AVpp/AVjio) Oi “ 


Supply current 
(four amplifiers) 


Vo = 2.5 V, Vic = 2.5 V, 
No load 
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TLO27M4M, TLC27M9M 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 10 V (unless otherwise noted) 


= 1.4V, Vic = 0, 


ia 


Full range 
Average temperature coefficient 
g p pV/°C 
of input offset voltage 
Input offset current (see Note 4) oe 
Input bias current (see Note 4) 


& 
“s 
re 
3 
a 
) 


2 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage 


Large-signal differential 


Vo=1Vto6V, RR, = 100k 


sidiyduy jeuoijeiodg¢ 


voltage amplification 


Common-mode rejection ratio Vic = VicR min 


Supply-voltage rejection ratio 

ST teat, Vop = 5 V to 10 V, 
(AVpp/AVio) 
Supply current Vo =5V, 
(four amplifiers) No load 


: : : , 7 
Low-level output voltage Vip = —100 mV, od 


T Full range is —55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 


make TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLC27M4l, TLO27M4Al, TLC27M4Bi, TLC27M9I 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


Vo = 1.4V, Vic = 0, 
Rs = 509, R_ = 100 kQ 
Vo = 1.4V, Vic = 9, 
Rs = 5092, R_ = 100 kQ 
Vo = 1.4 V, Vic = O, 
R_ = 100 kQ 
Vic = 0, 
Ri = 100 kQ 


TLC27M4I 


TLC27M4AI 
VIO Input offset voltage 
TLC27M4BI 


lo Input offset current (see Note 4) 
iB Input bias current (see Note 4) 


Common-mode input 
voltage range (see Note 5) 


w”) 
heen 
= 
: 
© 
c 
= 
ee 
High-level output voltage Vip = 100 mV, R_ = 100 kQ © 
® 
6 


Low-level output voltage Vip = —100 mV, 


Large-signal differential 


ee Vo = 0.25Vto2V, RL = 100 kO 
voltage amplification 


Common-mode rejection ratio Vic = ViCR min 


Supply-voltage rejection ratio 
(AVpp/AVjo) 


asec [4201120 | 

Supply current Vo = 2.5 V, 2B 

(four amplifiers) No load 630 1600 
: 320 800 


Vpp = 5 V to 10 V, 


T Full range is —40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 


TEXAS 4 pee 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


2 


siaipyjdwy jeuoieisdo 


TLO27M4C, TLC27M4AC, TLC27M4BC, TLC27M9C 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDp = 10 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX 


tic27mai | YO = 14 MiGs os 
Rg = 500, R_ = 100 kQ =. | aes 
TLc27maai| YO = 14 one ——— 


UNIT 


mV 


Rs = 500, Ri = 100 kQ Full range 


= 1AV, Vic = 0, 25° 260 2 
Tuc27mapi| YO = | ere A 
Rs = 509, R_ = 100 kQ Full range 


1 
7 
Vo = 1.4V, Vic = 0, 25°C | 2201200 | 
Hissin 170 IC | 25°C | 
Rs = 50Q, RL = 100 kQ Fullrange} =  ——- 2900 | 
Average temperature coefficient 25°C to 
“vio of input offset voltage 85°C 
ho Input offset current (see Note 4) | Vo = 5 V Vic =5V ae ae Pamaaaiaes PRESS 
3 ia ad 26 1000 
| Input bias current (see Note 4) V 5V V 5V th 
Se connie ae 220 2000 


-0.3 
to 
Common-mode input ; 
voltage range (see Note 5) } 
} 


8 


Vio Input offset voltage 


V 


= 


pV/°C 


High-level output voltage Ri = 100 kO 


I 
s 
o 

° 
oO 

si~ 
00 | © 
od al 
SN 


3 
< 


Low-level output voltage Vip = —100 mV, 


No 
oa 

° 
o 
N 
oi 
NO 
~s 
ol 


Large-signal differential 
voltage amplification 


< 


N 
oO 
° 
oO 
co 
ol 
oo 
~ 


Avpb Vo = 1Vto 6YV, R_ = 100 kQ /mV 


Common-mode rejection ratio Vic = VicrR min -40°C 


N} © 
ar;oa 
eo} o 
a;oO 
Ss] OQ 
fo} ko) 
oO; o 
wl 


Supply-voltage rejection ratio 
(AVpp/AVio) 


Vpp = 5 Vto 10 V, 


oo 
oa 

° 
oO 
f°] 
o 
<e) 


25°C 570 1200 
-40°C 900 1800 
' 86°C 410 1040 


Supply current 
(four amplifiers) 


Vo = 5V, 
No load 


uA 


T Full range is —40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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TLC27M4C, TLC27M4AC, TLC27M4BC, TLC27MSC 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDD = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Vo = 1.4V, = 0, oS Re ae 5 
tic27mac | YO = 1:4 “G>® rR 

Rs = 509, R_ = 100 ko Fulbtangel (AR. Re 

Vo = 1.4V, Vic = 0, 1 eS ee 
peeess Al YO Ic = 0 


N 
1 
Rs = 502, R_ = 100 kQ Full range 
Vo = 1.4 V, Vic = 0, 25° 
TLc27mM4ec| YO Vv ic = 0 5°C 250 2000 
Rs = 50Q, RL = 100 kQ Full range 
Vo = 1.4 V, = 0, 0 
Rs = 50Q, R_ = 100 kQ Full range 
1 
4 


VIO Input offset voltage 


2 


1 10 
0 900 

Average temperature coefficient 25°C to 7 V/°C 

EO ot input offset voltage 70°C ; ‘ 

| Input offset current (see Note 4) V 2.5 V V 2.5 V Sean Reston. kaa A 
nput offset c = 2. i = 2. 

10 p O IC 70°C 5 300 p 

| Input bi ent (see Note 4) V 2.5 V V 2.5 V is ee). PR A 
n ias curr = 2. : = 2. 

IB pu U O IC 70°C 0 600 p 


Common-mode input 
voltage range (see Note 5) 


Vip = 100 mV, R~ = 100 kQ 


High-level output voltage 


Operational Amplifiers 


Low-level output voltage Vip = —100 mV, 


Large-signal differential 


ee Vo = 0.25 Vto2V, R_ = 100 kQ 
voltage amplification 


AvD 


Common-mode rejection ratio Vic = Vicr min 


Supply-voltage rejection ratio 
(AVpp/AVjo) 


Vpp = 5 V to 10 V, 


Supply current 


o°c 500 1280 pA 


(four amplifiers) 


= 3 
5 < < < 
= < 


t Full range is O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 


ve 
EXAS 2-711 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


2 


siolduiy jeuoijeisdg 


TLC27M4l, TLC27M4Al, TLC27M4Bl, TLC27M9I 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VDD = 10 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Vo = 1.4, Vic = 0, Se. 0 Sa Rea 
Rs = 509, RL=100k0  [Fullrange} Z| 
Vo = 14 V, Vie = 0, ee oe, S 
igs <disb-ottaan- volns Rg = 50 2, RL = 100k0 _[Fullrange| 8 
Vo = TAY, Vie = 0, 
Rs = 509, PL = 100k0 _[Fullrenge| —-3000)«— 
Vo = 1.4, Vic = 0, ‘ 
Rs = 509, RL = 100 kQ 


Et 5 S80-1200 | 
area oe 
Average temperature coefficient 25°C to ‘ 
to merotnemninnsne fonse weave 
| 
lip Input bias current (see Note 4) Vo = SV, Vic = 5V 


Common-mode input 
voltage range (see Note 5) 


High-level output voltage 100 mV, 


Low-level output voltage Vip = —100 mV, 


Large-signal differential 


aan see Vo =1Vto 6V, 
voltage amplification 


Common-mode rejection ratio 


Supply-voltage rejection ratio 


Vpp = 5 V to 10 V, ie ks WA aes: a 
(AVpp/AVio) DD 


94 
Supply current V 5V wee tee 
y QO: = ' 
| occ 690 1600 A 
BD (four amplifiers) No load 44071120 e 
T Full range is O°C to 70°C. 


NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
5. This range also applies to each input individually. 
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: TLC27M4M, TLC27M9M 
Lincmos™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, VoD =5V 


PARAMETER TEST CONDITIONS a MIN TYP MAX | UNIT 


cee ee 
Vep-1v | -e5ec| 054 
oe ee © Sas ee 
m7 


ae 
= 


Ri = 100 kQ, 
SR Slew rate at unity gain CL = 20 pF, 


Sa ae page | Oa 
ee oT 
ae eee 5 Ee are 
= 1 kHz, = 1002, 
Equivalent input noise voltage . 25°C nV//Hz 
ee Figure 2 


Ls Sees eee 
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operating characteristics, VDp = 10 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
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L See Figure 3 
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TLO27M4i, TLC27M4Al, TLC27M4BI, TLC27M91 
Lin CMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, VDp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


R_ = 100 kQ, 
SR Slew rate at unity gain Cy = 20 pF, 
See Figure 1 


Vv Equivalent input nois It Lee 
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‘: i _ See Figure 2 


: : ; Vo = VOH. CL = 20 pF, 
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Vj = 10 mV, 


B Unity-gain bandwidth 
’ i See Figure 3 
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operating characteristics, Vpp = 10 V 
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TLO27M4C, TLC27M4AC, TLC27M4BC, TLC27M9C 
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operating characteristics, Vpp = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


zec | One 
Viep-1v [orc] 046 
epee | eae p 
ph 
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IP 
Rs = 1009, ok 
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Vo = VOH. CL = 20 pF, 


Rit = 100 kQ, 
CL = 20 pF, 
See Figure 1 


SR Slew rate at unity gain 


Vn Equivalent input noise voltage 


Bom Maximum output swing bandwidth 


f = 1 kHz, 
See Figure 2 
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Ri = 100 kQ, See Figure 1 


Vj; = 10 mV, CL = 20 pF, 
See Figure 3 


By Unity-gain bandwidth 


Vj = 10 mV, f = By, 
Cy = 20 pF, See Figure 3 
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operating characteristics, VDp = 10 V 


PARAMETER TEST CONDITIONS A MIN TYP MAX | UNIT 
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See Figure 1 
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TLO27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


single-supply versus split-supply test circuits 


Because the TLC27M4 and TLC27M39 are optimized for single-supply operation, circuit configurations used 
for the various tests often present some inconvenience since the input signal, in many cases, must be 
offset from ground. This inconvenience can be avoided by testing the device with split supplies and the 
output load tied to the negative rail. A comparison of single-supply versus split-supply test circuits is shown 
below. The use of either circuit will give the same result. 


= Vo nt Vo 
Vv 
‘@) vl CL RL Ri 
A?) 
@ — + 
9) 5 : V 
= DD - 
ie) (a) Single-Supply (b) Split-Supply 
pe 
ie FIGURE 1. UNITY-GAIN AMPLIFIER 
y 10 kQ 10 kQ 
.s 100 2 
= 
1) 1/2 Vpp tae Vo Vo 
o 
basic: 100 0 100 2 
bd = Ss Voo- 
(a) Single-Supply (b) Split-Supply 
FIGURE 2. NOISE TEST CIRCUIT 
10 kQ 10 kQ 
100 2 100 2 
vi VI 
Vo Vo 
1/2 Vpp 7 CL Cy 
: e ~  Vpp- 
(a) Single-Supply (b) Split-Supply 


FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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PARAMETER MEASUREMENT INFORMATION 
input bias current 


Because of the high input impedance of the TLC27M4 and TLC27M9 op amps, attempts to measure the 
input bias current can result in erroneous readings. The bias current at normal room ambient temperature 
is typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions 
are offered to avoid erroneous measurements: 


1. Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 


2 


2. Compensate for the leakage of the test socket by actually performing an input bias current test (using 
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated 
by subtracting the ‘‘open-socket”’ leakage readings from the readings obtained with a device in the 
test socket. 


One word of caution . . . many automatic testers as well as some bench-top op amp testers use the 
servo-loop technique with a resistor in series with the device input to measure the input bias current 
(the voltage drop across the series resistor is measured and the bias current is calculated). This method 
requires that a device be inserted into the test socket to obtain a correct bapa therefore, an ‘‘open- 
socket’ reading is not feasible using this method. 


0 ee i 


FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(J AND N DUAL-IN-LINE-PACKAGE) 
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low-level output voltage 


To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output being dependent on both the common-mode input voltage 
level as well as the differential input voltage level. When attempting to correlate low-level output readings 
with those quoted in the electrical specifications, these two conditions should be observed. If conditions 
other than these are to be used, please refer to Figures 14 through 19 in the Typical Characteristics of 
this data sheet. 
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PARAMETER MEASUREMENT INFORMATION 


input offset voltage temperature coefficient 


sisiiyduiy jeuoneisdg FN 


Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. 
This parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both 
the device and the test socket. This moisture will result in leakage and contact resistance, which can cause 
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on 
the leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 


full-power response 


Full-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways .. . full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a 
sinusoidal input signal until the maximum frequency is found above which the output contains significant 
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion, 
above which full peak-to-peak output swing cannot be maintained. 


Because there is no industry-wide accepted value for ‘’significant’’ distortion, the full-peak response is 
specified in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the 
use of a sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of 
the sinusoidal wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square 
wave of the same amplitude. The frequency is then increased until the maximum peak-to-peak output 
can no longer be maintained (Figure 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 


J tee pid 


(a) f = 1 kHz (b) 1 kHz < f < Bom (c) f = Bom (d) f > Bom 


FIGURE 5. FULL-POWER-RESPONSE OUTPUT SIGNAL 


test time 


Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short- 
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices 
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 
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TYPICAL CHARACTERISTICS 


DISTRIBUTION OF TLC27M4 DISTRIBUTION OF TLC27M4 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 
60 
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Vio—Input Offset Voltage—mvV Vio—Input Offset Voltage—mvV 
FIGURE 6 FIGURE 7 
DISTRIBUTION OF TLC27M4 AND TLC27M9 DISTRIBUTION OF TLC27M4 AND TLC27M9 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT 
224 — tested from 6 wafer lots 224 Amplifiers tested from 6 wafer lots 
VDD = Vpp = 10 V 
DD 
Ta = 25°C to 125°C Ta = 25°C to 125°C 
N Package NP 
: ackage 
x Outliers: & eee 
| | Outliers: 
e 2 9 (1) 34.6 wv/°C 
(= c 
=) = 
x=) x=) 
® oO 
z ry 
é é 
0 ae jon wecepen: ue 
-10-8 -6 -4-2 0 2 4 6 8 10 -10-8-6 -4-2 0 2 4 6 8 10 
aviO— Temperature Coefficient—p»V/°C aviO— Temperature Coefficient—»V/°C 
FIGURE 8 FIGURE 9 
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TYPICAL CHARACTERISTICSt 


HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


Vip = 100 mV 


VoH—High-Level Output Voltage—V 
VOH—High-Level Output Voltage—V 
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-10 -20 -— 30 -40 
loH— High-Level Output Current—mA loH—High-Level Output Current—mA 
FIGURE 10 FIGURE 11 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
: Vpp — 1.6 

loH = -5 mA 

Vpp- 1.7 Vip = 100 mv 


ao0 Amee 

ae. dmaie 
vl 

a? if 

Sp rairaarus ars a 


Vpp - 2.4 
12 14 16 -75 -50-25 O 25 50 75 100 125 
Gee se site V Ta—Free-Air Temperature — °C 
FIGURE 12 FIGURE 13 


VOH— High-Level Output Voltage—V 
VoOH— High-Level Output Voltage—V 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE 
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Vo_—Low-Level Output Voltage—mvV 
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VoL—Low-Level Output Voltage—mvV 
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300 250 
0 1 2 3 4 0 2 4 6 8 10 
Vic —Common-Mode Input Voltage—V Vic—Common-Mode Input Voltage—V 
FIGURE 14 FIGURE 15 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 


lol = 5mA 
Vic = |Vip/2| 
Ta = 25°C 


Vo_—Low-Level Output Voltage—mV 
Vo_—Low-Level Output Voltage—mV 


0 
-75 -50-25 0 25 50 75 100 125 
Vip — Differential Input Voltage—V Ta—Free-Air Temperature — °C 


FIGURE 16 FIGURE 17 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs , vs 
LOW-LEVEL OUTPUT CURRENT _ LOW-LEVEL OUTPUT CURRENT 
) 3.0 
Vip = -1V Vip = -1V 


Vic = 0.6 V 
Ta = 25°C 
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Ta = 25°C 


Vo._—Low-Level Output Voltage—V 
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VoL_—Low-Level Output Voltage—V 
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“ 
lo_—Low-Level Output Current—mA lo_—Low-Level Output Current—mA 
FIGURE 18 FIGURE 19 
LARGE-SIGNAL LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs vs 

SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Avp-— Differential Voltage Amplification—V/mV 


Avp-— Differential Voltage Amplification—V/mV 


0 0 
0 2 4 6 oS 10°.12 14 °16 -75 -50 -25 0O 25 50 75 100 125 
Vpp—Supply Voltage—V Ta—Free-Air Temperature— °C 
FIGURE 20 FIGURE 21 


tT Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


lB and ljqQ—Current—pA 
Vic—Common-Mode Input Voltage—V 


_ 0 
25 45 65 85 105 125 0 
Ta—Free-Air Temperature — °C 
FIGURE 22 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


Ipp— Supply Current— pA 


0 2 4 6 8 10 12 14 16 
Vpp—Supply Voltage—V 


FIGURE 24 


0 

-75 -50-25 0O 

Ta—Free-Air Temperature — °C 
FIGURE 25 


COMMON-MODE 
INPUT VOLTAGE POSITIVE LIMIT 
vs 
SUPPLY VOLTAGE 


2 4 6 8 10 12 14 


Vpp—Supply Voltage—V 
FIGURE 23 
SUPPLY CURRENT 


vs 
FREE-AIR TEMPERATURE 
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25 50 75 100 125 


Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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TYPICAL CHARACTERISTICSt 


SLEW RATE 


vs 
SUPPLY VOLTAGE 


Ri_ = 100 kQ 

CL = 20 pF 
0.7L TA = 25°C 
See Figure 1 


SR—Slew Rate— V/s 
) 
@ 


° 
b 


° 
w 


0 2 a 6 8 10 12 14 16 
Vpp—Supply Voltage—V 
FIGURE 26 
NORMALIZED SLEW RATE 


vs 
FREE-AIR TEMPERATURE 


Ry = 100 kQ 
CL = 20 pF 
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Normalized Slew Rate 


25 50 75 100 125 


0. 
-75 -50 -25 0O 
Ta—Free-Air Temperature — °C 


FIGURE 28 


SLEW RATE 


vs 
FREE-AIR TEMPERATURE 
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See Figure 1 
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Ta—Free-Air Temperature — °C 
FIGURE 27 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


| ae SPY Gael oe at 


Ta = 125°C 
fra = 25°C 


ieea | 
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VoH— Output Voltage—V 
oa 


Ry = 100 kQ 
See Figure 1 
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f —Frequency —kHz 
FIGURE 29 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH 
vs Vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


900 800 
800 Vi = 10 mV eo oe 


See Figure 3 


See Figure 3 
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FIGURE 30 FIGURE 31 ® 
Co. 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE Oo 
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FIGURE 32 FIGURE 33 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICST 


PHASE MARGIN PHASE MARGIN 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
Vv; = 10 mV 
CL = 20 pF Vpp = 5V 
o Ta = 25°C - Vi = 10 mV 
© : 4 Ta = 25°C 
s, See Figure 3 © A 
2 = See Figure 3 
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TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL APPLICATION DATA 
single-supply operation 


While the TLC27M4 and TLC27M9 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design includes an input common-mode 
voltage range that encompasses ground as well as an output voltage range that pulls down to ground. 
The supply voltage range extends down to 3 V (C-suffix types), thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply 
operation is recommended. 


Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 38). The low input bias current of the TLC27M4 and TLC27M9 permits the use of very large resistive 
values to implement the voltage divider, thus minimizing power consumption. 


2 


The TLC27M4 and TLC27M9 work well in conjunction with digital logic; however, when powering both 
linear devices and digital logic from the same power supply, the following precautions are recommended: 


1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 


2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 
Vpp , 


R3 
Vrer = Vop Rie RS 
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R4 
“—.* (Vrer-V R2 * VREF 


FIGURE 38. INVERTING AMPLIFIER WITH VOLTAGE REFERENCE 


¢ AEE 


(a) Common Supply Rails 


Locic POWER 
SUPPLY 


(b) Separate Bypassed Supply Rails (preferred) 
FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 
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TYPICAL APPLICATION DATA 


input characteristics 


The TLC27M4 and TLC27M9 are specified with a minimum and a maximum input voltage that, if exceeded 
at either input, could cause the device to malfunction. Exceeding this specified range is a common problem, 
especially in single-supply operation. Note that the lower range limit includes the negative rail, while the 
upper range limit is specified at VpDp —1 V at Ta = 25°C and at Vpp —1.5 V at all other temperatures. 


The use of the polysilicon-gate process and the careful input circuit design gives the TLC27M4 and TLC27M9 
very good input offset voltage drift characteristics relative to conventional metal-gate processes. Offset 
voltage drift in CMOS devices is highly influenced by threshold voltage shifts caused by polarization of 
the phosphorus dopant implanted in the oxide. Placing the phosphorus dopant in a conductor (such as 
a polysilicon gate) alleviates the polarization problem, thus reducing threshold voltage shifts by more than 
an order of magnitude. The offset voltage drift with time has been calculated to be typically 0.1 »V/month, 
including the first month of operation. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLC27M4 
and TLC27M9 are well suited for low-level signal processing; however, leakage currents on printed circuit 
boards and sockets can easily exceed bias current requirements and cause a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 in the 
Parameter Measurement Information section). These guards should be driven from a low-impedance source 
at the same voltage level as the common-mode input (see Figure 40). 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


noise performance 


The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC27M4 and TLC27M9 result in a very low 
noise current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kQ), since bipolar devices exhibit 
greater noise currents. 


VI 
Vo Vo 
Vi Vi Vo 


(a) Noninverting Amplifier (b) Inverting Amplifier (c) Unity-Gain Amplifier 


siaipyduy jeuonesodg BW 


FIGURE 40. GUARD-RING SCHEMES 


output characteristics 


The output stage of the TLC27M4 and TLC27M6¢9 is designed to sink and source relatively high amounts 
of current (see typical characteristics). If the output is subjected to a short-circuit condition, this high current 
capability can cause device damage under certain conditions. Output current capability increases with supply 
voltage. 


All operating characteristics of the TLC27M4 and TLC27M9 were measured using a 20-pF load. The devices 
will drive higher capacitive loads; however, as output load capacitance increases, the resulting response 
pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation (see Figure 41). 
In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 
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TYPICAL APPLICATION DATA 


2 


(a) Cy = 20 pF, Ry = No load (b) Cy = 170 pF, Ry = No load 


Operational Amplifiers 


Vo 
vf) Cc. Ta = 28°C 
f = 1 kHz 
Vipp = 1V 
a2 
(c) Cy, = 190 pF, Ry = No load (d) Test Circuit 


FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 


Although the TLC27M4 and TLC27M$9 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a 
pullup resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First, the NMOS pull-down transistor N4 (see equivalent schematic) 
must sink a comparatively large amount of current. In this circuit, N4 behaves like a linear resistor with 
an on-resistance between approximately 60 2 and 180 2, depending on how hard the op amp input is 
driven. With very low values of Rp, a voltage offset from O V at the output will occur. Second, pullup 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N5 is not supplying the output current. 


feedback 


Op amp circuits nearly always employ feedback, and since feedback is the first prerequisite for oscillation, 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with the 
feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically. 
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TYPICAL APPLICATION DATA 


Vpp-Vo 


Rp = 
: Ip + IL + Ip 


Ip = Pullup current required by 


Vo 
the op amp (typically 500 nA) 


FIGURE 42. RESISTIVE PULLUP TO INCREASE Vow FIGURE 43. COMPENSATION FOR 
INPUT CAPACITANCE 


electrostatic discharge protection 


The TLC27M4 and TLC27MS$9 incorporate an internal electrostatic discharge (ESD) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. 
Care should be exercised, however, when handling these devices as exposure to ESD may result in the 
degradation of the device parametric performance. The protection circuit also causes the input bias currents 
to be temperature dependent and have the characteristics of a reverse-biased diode. 


latchup 


Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC27M4 
and TLC27M9 inputs and outputs were designed to withstand — 100-mA surge currents without sustaining 
latchup; however, techniques should be used to reduce the chance of latchup whenever possible. Internal 
protection diodes should not, by design, be forward biased. Applied input and output voltage should not 
exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 pF typical) 
located across the supply rails as close to the device as possible. 


sisiyyduy jeuoijeisdg BN) 


The current path established if latchup occurs is usually between the positive supply rail and ground and 
can be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed 
the supply voltage. Once latchup occurs, the current flow is limited only by the impedance of the power 
supply and the forward resistance of the parasitic thyristor and usually results in the destruction of the 
device. The chance of latchup occurring increases with increasing temperature and supply voltages. 
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TYPICAL APPLICATION DATA 


1N4148 


NOTES: Vopp = 2 V 
1 


‘ 2x JR1IR2C1C2 
FIGURE 44. WIEN OSCILLATOR 


fo 


Operational Amplifiers ae 


NOTES: Vi =OVto3 V 


VI 
‘S75 


FIGURE 45. PRECISION LOW-CURRENT SINK 
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TYPICAL APPLICATION DATA 


5V 
GAIN CONTROL 
1 MQ 


(see Note A) = 4 yF 


0.1 pF 1 ke 100 ko 


NOTE A: Low to medium impedance dynamic mike. 


FIGURE 46. MICROPHONE PREAMPLIFIER 


10 MQ 
VppD 
1k 
A114 Vv 
TLC27M4 ‘Ss 9° 

T 15 nF VREF 

= 100 ka = 

150 pF 


NOTES: Vpp = 4 Vto 15 V 
Vref = OV to Vpp-2 V 


FIGURE 47. PHOTO DIODE AMPLIFIER WITH AMBIENT LIGHT REJECTION 
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TYPICAL APPLICATION DATA 


1 MQ 


Vo 


1N4148 
100 kQ 


100 kQ 


NOTES: Vpp = 8 V to 16 V 
Vo = 5V,10mA 


FIGURE 48. 5-V LOW-POWER VOLTAGE REGULATOR 


Operational Amplifiers on 


5V 
1 MO 
0.01 uF 
vi + 0.22 uF 
t—— Vo 
1/4 
TLC27M4 
1 Mo 
cea th 100 ko 
10 ka 
0.1 pF 


FIGURE 49. SINGLE-RAIL AC AMPLIFIER 
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TLC1078 
PLIFIERS 


D3146, AUGUST 1988— REVISED OCTOBER 1988 


@ Power Dissipation as Low as 10 uW Typ per 
Amplifier 


e Operates on a Single Silver-Oxide Watch 
_ Battery, Vpp = 1.4 V Min 


® Vio... 450 pV Max in DIP and Small- 
Outline Package 


® Input Offset Voltage Drift. ..0.1 uV/Month 
Typ, Including the First 30 Days 


@ High-lmpedance LinCMOS™ Inputs 
l1B = 0.6 pA Typ 


High Open-Loop Gain . . . 800,000 Typ 
Output Drive Capability > 20 mA 
Slew Rate... 47 V/ms Typ 


@ Common-Mode Input Voltage Range 
Extends Below the Negative Rail 


@ Output Voltage Range Includes Negative 
Rail 


@ On-Chip ESD-Protection Circuitry 


@ Small-Outline Package Option Also 
Available in Tape and Reel 


description 


The TLC1078 operational amplifier offers ultra- 
low offset voltage, high gain, 110-kHz bandwidth, 
47-V/ms slew rate, and just 150-uW power 
dissipation per amplifier. 


With a supply voltage of 1.4 V, common-mode 
input to the negative rail, and output swing to the 
negative rail, the TLC1078C is an ideal solution 
for low-voltage battery-operated systems. The 
20-mA output drive capability means that the 
TLC1078 can easily drive small resistive and 
large capacitive loads when needed, while 
maintaining ultra-low standby power dissipation. 


Since this device is functionally compatible as 
well as pin compatible with the TLC27L2 and 
TLC27L7, the TLC1078 easily upgrades existing 
designs that can benefit from its improved 
performance. 


The TLC1078 incorporates internal ESD- 
protection circuits that will prevent functional 
failures at voltages up to 2000 V as tested under 
MIL-STD-883C, Method 3015.2; however, care 


LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


D, JG, OR P PACKAGE 
(TOP VIEW) 


FK PACKAGE 
(TOP VIEW) 


= 
OO°0O aS 
Pp ee 
OK TS | i Came fe eee eae 
3 24 


20 19 


NCh)4 18LINC 
1IN-fJ5 17 J2 OUT 
NCN6 16LJNC 
1IN+f)7 15[}2 IN— 


NCfis 14f7]NC 


10 11 13 


9 
cee Base Oe a 
Oma <t2 O 
a ee = 
O 


2IN+ UL 


NC—No internal connection 


symbol (each amplifier) 


Percentage of Amplifiers —% 


0 
— 800 


Exas WP 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INST RUM ENTS 
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IN- 
OUT 
IN+ 


DISTRIBUTION OF TLC1078 
INPUT OFFSET VOLTAGE 


334 Amplifiers tested from 2 wafer lots 


Vpop = 5V 
Ta = 25°C 
P Package 


- 400 0 400 
Vio — Input Offset Voltage — .V 
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description (continued) 


should be exercised when handling these devices as exposure to ESD may result in degradation of the device 
parametric performance. The TLC1078 design also inhibits latchup of the device inputs and outputs even with 
surge currents as large as 100 mA. 


The M- suffix devices are characterized for operation over the full military temperature range of —55°C to 
125°C. The I- suffix devices are characterized for operation from —40°C to 85°C. The C- suffix devices are 
characterized for operation from 0°C to 70°C. The wide range of packaging options includes stnall-outline and 
chip-carrier versions for high-density system applications. 


AVAILABLE OPTIONS 


apenas | ERR San Site 

Ta SMALL OUTLINE | CHIP CARRIER | CERAMIC DIP | PLASTIC DIP 
[est 7O | ThGTe7eco_[__—— __| Turo7acva | TLct07eCr 
[arco aso [Tuco |__| Tucro7aue | Tct07erP _ 
Passio Tao | ———~—~«d;CTMC TOE | TLGTOTaMIG | —_— 


NOTE 1: The D package is available taped and reeled. Add the suffix R to the device type 
(e.g., TLC1078CDR). 


equivalent schematic (each amplifier) 


siaiyyduy jeuonessdg Fs 


Q7 | OUT 


Q10 
Q13 


R7 


GND 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply Vonmge Wop (see Nole 2) cu. a... Ce eee en a bn ess oe npn egne eee 18V 
DiTOhans INU VOnee (SEO OIG ey. tes 55 hb ese b eo ices Cle Rete ce eee ee eee des +VpDD 
IADUT VON ee WRNOG, VECOP IU or cnc kak oka be 0s oe pees Re Hee eee ede Ee —0.3 V to Vpp 
WEVPIILMIEONT, TTC TIO) 96S 5 va ae ac SER ISD LETS AV MGR ES yo Pik ae geysers a pee ee +5 mA 
OULOLL Ourront, if) (@her) OUIDUL) i. cao lakes 4 ted Sih dk ee a. . HSS Amare +30 mA 
Total-curfent inte Ves terninal. (see Nole.4) 305 6c ics Stas. a cone Bee 45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) 0 TES a. ts. 9 9 eee Unlimited 
COMMMUOUSiOlal CISSIDAUOD.. «tes abe PY had te aN ee See Dissipation Rating Table 
Operating free-air temperature, Ta: M-suffix 2.2: ....... 000 bee eee eee eens —55°C to 125°C 

GL PD oes te may ep ee Ss Pn —40°C to 85°C 

C-suffix..... end chy Neatdne ee Race 5 Eee ee 0°C to 70°C 
storage temperatere fange Ai... elt FS he ss ee ee dak ee ewe —65°C to 150°C 
Case temperaturetor 60:seconds:. FKepackage =... eee ee ee eee ees 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor P package ............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .............. 300°C 


NOTES: 2. All voltage values, except differential voltages, are with respect to network ground. 
3. Differential voltages are at the noninverting input with respect to the inverting input. 
4.The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation ratings is not exceeded. 


DISSIPATION RATING TABLE 
Ta s 25°C Ta = 70°C Ta = 85°C Ta = 125°C 
PACKAGE DERATING FACTOR 
POWER RATING POWER RATING POWER RATING POWER RATING 


725 mW 5.8 mW/°C 


1375 mW 11 mW/°C 
1050 mW 8.4 mW/°C 
1000 mW 8.0 mW/°C 


recommended operating conditions 


[MIN NOM MAX | MIN NOM MAX | MIN NOM MAX] 


Supply voltage, Vop eee eee eee 
; [el oe eS ae Soe Ee ae 

pula cas fop= oY [oe fen | 

Operating free-air temperature, ae 
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electrical characteristics over operating free-air temperature range (unless otherwise noted) 


TEST CONDITIONS Vpp = 5V Vpp = 10 V 
PARAMETER UNIT 
ee 
V Input offset voltage bea “ sis ss V 
cee : Vo=14V, Vig=oV, |Fulrange] —goo | SCSC*C~tS | 


Temperature coefficient Rg = 500, Ri =1MOQ |} 25°Cto 
1.1 1 V/°C 
“VIO of input offset voltage wi 
B 


Input offset current 
lO (see Note 5) 
Input bias current 
I 
(see Note 5) 
Common-mode input 


: 9 9.2 
VICR_ voltage range —0.2 —0.2 
see Note 6 
( Full range to to V 
: 8.5 


3:5 
a2 69 


A 
7 300 7 300)|0 


2 


Vip = 100 mV, 


VOH_ High-level output voltage 


VoL Low-level output voltage 


Large-signal differential 


A 
VO voltage amplification 


Ssiaipyduiy jeuoieisdg 


R Common-mode 
rejection ratio 


Supply-voltage rejection 


k 
SVR ratio (AVpp/AVjoc) 


Supply current 


| 
DD (two amplifiers) 


NOTES: 5. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7.AtVpp = 5 V, Vo = 0.25 V to 2 V; at Vpp = 10 V, Vo = 1 Vto BV. 


operating characteristics 


SSS TEST CONDITIONS Vpp = 5V Vpp = 10V aie 
nin NP WAR | WIN TYP WAR 
ot 
: . AR = 1 MQ, = 20 p ° 
SR Slow ret en aeons ea | vie 
Slew rate at unity gain Vio a vic Sen ela = a / 
Vn Equivalent input noise voltage |f=1kHz, Rg=1000[ 25ec | 68 | 68 


By Unity-gain bandwidth 


dm Phase margin at unity gain 
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electrical characteristics over operating free-air temperature range (unless otherwise noted) 


TEST CONDITIONS Vpp = 5V Vpp = 10V 
PARAMETER UNIT 
Pe a oi | a Oe MIN TYP _ MAX 


V Input offset voltage 
at. ia Yo=14V, Vio=0v, [Filrangel 0 


of input offset voltage 85°C 
(see Note 5) 85°C 

eee | a | ee ee 
(see Note 5) 


Common-mode input 
ViICR voltage range 
(see Note 6) 


Full range to 


3.5 
VoH Hightevel output votage — (MID.= 100 mv, v 
CS a8 APPR OO RR ee = 
Paces | gf a | eee ag mee i 
ae ee 2 a bee 


85°C 150 300 
70; 35 7597 
Vic = Vicr min 70-95 76." F 
2946 
HA 
NOTES: 5. The typical values of input bias cufrent and input offset current below 5 pA were determined mathematically. 


6. This range also applies to each input individually. 
7.AtVpp = 5 V, Vo = 0.25 V to 2 V; at Vpp = 10 V, Vo = 1 Vto BV. 


VoL Low-level output voltage Vip = —100 mV, 


Large-signal differential 
voltage amplification 


AvD 


Operational Amplifiers 


CMRR Common-mode 
rejection ratio 


Supply-voltage rejection 


Vpp = 5Vto 10 V, 
SVR ratio (AVpp/AVio) 


Supply current 


| 
DO (two amplifiers) 


operating characteristics 


ban shamed TEST CONDITIONS Vpp = 5V Vpp = 10V 
ta NTP MAK WIN TYP MAK 


2 
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’ Input bias current Vic = Vpp/ 2 
(see Note 5) 
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electrical characteristics over operating free-air temperature range (unless otherwise noted) 


= 
Pe MINT ITP AX 
Vo = 1.4V, Vic = OY, 


of input offset voltage 
25° 
(see Note 5) Vo = Vpp/ 2, 125° 1.4.) 15 1.8 15 
i mputi 250 |: alee] SORE pA 
1265 1035 


0 0 
Full range to to V 
3.5 85 


25°C 
=55°C v 
ee | oo ee eee 
hic ap NN es Es a dre camer 
Pee WN Be) opti aaa least mv 
Per eee ee ee 
P=ssc | 250 950 —~«|-800~+1780~—~SOC*S 
Vic = Vier min 
70-85 75 
ee MST SO 1 eS 
Paseo | Sk yaeea Oe). eae KA 
oe RE SS a 


NOTES: 5. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7.At Vpp = 5 V, Vo = 0.25 V to 2V; at Vpp = 10 V, Vo = 1 Vto 6 V. 


Common-mode input 
VICR voltage range 
(see Note 6) 


nN fo 
o} o} 


Vip = 100 mV, 


High-level output voltage 
ea cata RL = 1MQ 


Vip = —100 mV, 
lo. = 0 


Low-level output voltage 


Large-signal differential 
voltage amplification 


RL = 1 MQ 


A 
se See Note 7 


0 


RR Common-mode 
rejection ratio 


Supply-voltage rejection 
ratio (AVpp/AVio) 


Vpp = 5 V to 10 V, 


“SVR Vo = 1.4V 


Vo = Vpp/ 2, 
Vic = Vpop/ 2, 
No load 


Supply current 


| 
DD (two amplifiers) 


operating characteristics 


TEST CONDITIONS Vpp = 5V Vpp = 10V 
PARAMETER UNIT 
sd ta TP WA [MIN TYP MAK 
2 47 


SR_ Slew rate at unity gain 


Vn Equivalent input noise voltage | f = 1 kHz, 


By 


| 

Ag= toon | ac [8 —«dYSCCStCiSSCSC*d 
Pee ae er me 

ke 


Unity-gain bandwidth 


bm Phase margin at unity gain 
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PARAMETER MEASUREMENT INFORMATION : 


Vo 10 kQ 
Vi 
Gi 100 
VI 
CL RL Vo 
Vpp/2 
ep CL a 
C._ includes fixture capacitance. C. includes fixture capacitance. 
FIGURE 1. SLEW RATE TEST CIRCUIT FIGURE 2. UNITY-GAIN BANDWIDTH AND 


PHASE MARGIN TEST CIRCUIT 


TYPICAL CHARACTERISTICS 


DISTRIBUTION OF TLC1078 DISTRIBUTION OF TLC1078 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT 


Operational Amplifiers By 


356 Amplifiers tested from 8 wafer lots 
Vpp = 10V 

Ta = 25°C to 125°C 

P Package 

Outliers: 


356 Amplifiers tested from 8 wafer lots 
Vpop = 5V 

Ta = 25°C to 125°C 
P Package 

Outliers: 

(1) 19.2 pv/°C 

(1) 12.4 pv/°c —— 


(1) 18.7 pvc 
(1) 11.6 pv/°c 


Percentage of Amplifiers — % 
Percentage of Amplifiers — % 


-10-8 -6 -4-2 0 2 4 6 8 10 -10-8 -6 -4-2 0 2 4 6 8 10 
ayIO — Temperature Coefficient - 1V/°C yIO — Temperature Coefficient — pV/°C 
FIGURE 3 FIGURE 4 
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TYPICAL CHARACTERISTICST 


HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
VS VS 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


Vip = 100 mV 
Ta = 25°C 


VOH — High-Level Output Voltage — V 


siaiyduiy jeuoieiodg - 
Von — High-Level Output Voltage — V 


0 -2 -4 -6 -8 -10 
lon — High-Level Output Current - mA lon — High-Level Output Current - mA 
FIGURE 5 FIGURE 6 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vip = 100 mV 
lon = -5mA 


VOH — High-Level Output Voltage — V 
VOH — High-Level Output Voltage— V 


0 2 4 6 8 3 - eee RS. TG =75' =80, 408 0 25 50 $75 100 125 
Vpp — Supply Voltage — V Ta — Free-Air Temperature — °C 
FIGURE 7 FIGURE 8 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICST 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
COMMON-MODE INPUT VOLTAGE 


VoL — Low-Level Output Voltage — mV 


Vic — Common-Mode Input Voltage — V 
FIGURE 9 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
DIFFERENTIAL INPUT VOLTAGE 


= |Vip / 2| 
= 5mA 


Voi — Low-Level Output Voltage — mV 


0 -2 -4 -6 -8 -10 


Vip — Differential Input Voltage — V 
FIGURE 11 


Voi — Low-Level Output Voltage —- mV 


Voi — Low-Level Output Voltage — mV 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
COMMON-MODE INPUT VOLTAGE 


2 


6 8 
Vic — Common-Mode Input Voltage - V 
FIGURE 10 
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LOW-LEVEL OUTPUT VOLTAGE 
VS 
FREE-AIR TEMPERATURE 


-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 12 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICST 


LOW-LEVEL OUTPUT VOLTAGE _ LOW-LEVEL OUTPUT VOLTAGE 
VS VS 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


Voi — Low-Level Output Voltage — V 
VoL — Low-Level Output Voltage — V 


siaiyjdwy jeuonjeiodg HWS) 


0 1 2 3 4 5 6 7 8 0 5 10 15 20 25 30 
lo. — Low-Level Output Current - mA lo. — Low-Level Output Current - mA 
FIGURE 13 FIGURE 14 
LARGE-SIGNAL LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 
VS VS 

SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Ayp — Differential Voltage Amplification — V/mV 
Ayp — Differential Voltage Amplification — V/mV 


0 2 4 6 8 0 12 14 16 -75 -50 -25 0 ao. SOS 78100 128 
Vpp — Supply Voltage — V Ta — Free-Air Temperature — °C 
FIGURE 15 FIGURE 16 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSTt 
INPUT BIAS CURRENT AND INPUT OFFSET CURRENT COMMON-MODE INPUT VOLTAGE POSITIVE LIMIT 


vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
10000 

7 
1000 Ss: 
“ = 
5 S 
5 100 a 
5 “a a 
rs) Se CI ME I eT sneed jracemme w 
al RAR DUE BR” + ae See a 3 
Sah ree Pt ee = 
| c 
G f°) 
© E 
2 = 
1 7 
o 
> 
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25 45 65 85 105 125 0 2 s 6 8 16 1 ee 46 
Ta — Free-Air Temperature — °C Vpp — Supply Voltage -— V 
FIGURE 17 FIGURE 18 
SUPPLY CURRENT SUPPLY CURRENT 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vo = Vpp/ 2 
No load —+—__+—__+—. 


a maim mc 
\ No load 


3 < 

I F. 80 
Ee = 
g 
p>] 3 

oO oO 60 
> > 

é 1 40 
8 8 

20 

0 2 4 6 8 10 -\12 44 16 O75 -50 -25 0 25 50 75 100 125 
Vpp — Supply Voltage - V Ta — Free-Air Temperature — °C 
FIGURE 19 FIGURE 20 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 5: The typical values of input bias current and input offset current below 5 pA were determined mathmatically. 
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TYPICAL CHARACTERISTICST 


SLEW RATE 


VS 
SUPPLY VOLTAGE 


Vipp = 1V 
Ry = 1MQ 
CL = 20 pF 
Ay = 1 

Ta = 25°C 
See Figure 1 


SR — Slew Rate —- ms 


| 
Ht 
| 
| | 
0 2 4 6 o. 16 12 -14 16 
Vpp — Supply Voltage — V 


FIGURE 21 


sidipyduiy jeuoieisdC om 


NORMALIZED SLEW RATE 


VS 
FREE-AIR TEMPERATURE 


Normalized Slew Rate 


-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 23 


SR — Slew Rate — ms 


Von — Output Current — V 


SLEW RATE 


VS 
FREE-AIR TEMPERATURE 


0 
-75 -50 -25 0 25 50 #75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 22 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS 
FREQUENCY 


BE al 
TTI Ht 
| Yoo = 99) \ LT 
Ps AY 


Vpop = 5V 


Eareven or 
PUTT CTA TT 
pare 8th NN 
Rill OTIS 
me aiilil LLU Pre 
f — Frequency — as 

FIGURE 24 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICST 


UNITY-GAIN BANDWIDTH 
VS 
FREE-AIR TEMPERATURE 


150 


Vpp = 5V 

Pa Vi = 10 mV 
Ci = 20 pF 
See Figure 2 


cicceam 


_ 
w 
So 


-_ 
_ 
i=) 


| 
i=) 


B, — Unity-Gain Bandwidth — kHz 
) 


3 


30 
-75 -50 -25 0 25 50 75 


Ta — Free-Air Temperature — °C 
FIGURE 25 


100 125 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
VS 
FREQUENCY 


Ayp — Differential Voltage Amplification 


100k 1M 


1 10 100 1k 10k 
f — Frequency — Hz 


FIGURE 27 


Phase Shift 


B, — Unity-Gain Bandwidth — kHz 


Ayp — Differential Voltage Amplification 


oe 10 100 1k 
f — Frequency — Hz 


FIGURE 28 


UNITY-GAIN BANDWIDTH 
VS 
SUPPLY VOLTAGE 


Vi = 10 mV 
Ci = 20 pF 
Ta = 25°C 

See Figure 2 


Vpp — Supply Voltage - V 
FIGURE 26 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
VS 
FREQUENCY 


Phase Shift 


10k 100k 1M 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSTt 


PHASE MARGIN 


VS 
SUPPLY VOLTAGE 


V; = 10 mV 
C_ = 20 pF 
Ta =-25°C 

See Figure 2 


0 2 2 6 8 10°. 312° 344 16 
Vpp — Supply Voltage — V 


FIGURE 29 


sioyyduy jeuoneisdo a 
%m~ Phase Margin — degrees 


PHASE MARGIN 


vs 
CAPACITIVE LOAD 


Vpp = 5V 
Vj = 10mV 
Ta = 25°C 
See Figure 2 


? m~ Phase Margin — degrees 


C, - Capacitive Load — pF 
FIGURE 31 


degrees 


mm Phase Margin — 


Vn — Equivalent input Noise Voltage — nV/VHz 


PHASE MARGIN 


VS 
FREE-AIR TEMPERATURE 


20 
-75 -50 -25 0 25 50 75 100 125 
Tag — Free-Air Temperature — °C 


FIGURE 30 


EQUIVALENT INPUT NOISE VOLTAGE 
VS 
FREQUENCY 


pao 5V 
pao = oo 
Ta = 25°C 


aes: ims oy 
23) ee a 


Frequency — a 
FIGURE 32 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Amplifier 


@ Operates on a Single Silver-Oxide Watch 
Battery, VDp = 1.4 V Min 


@ Vio... 850 pV Max in DIP and Smail- 
Outline Package 


@ Input Offset Voltage Drift ...0.1 wV/Month 
Typ, Including the First 30 Days 


@ High-impedance LinCMOS™ Inputs 
lip = 0.6 pA Typ 


High Open-Loop Gain. . . 800,000 Typ 
Output Drive Capability > 20 mA 
Slew Rate... 47 V/ms Typ 


@e Common-Mode Input Voltage Range 
Extends Below the Negative Rail 


@ Output Voltage Range Includes Negative 
Rail 


@ On-Chip ESD-Protection Circuitry 


@ 14-Pin Small-Outline Package Option Also 
Available in Tape and Reel 


description 


The TLC1079 operational amplifier offers ultra- 
low offset voltage, high gain, 110-kKHz bandwidth, 
47-V/ms slew rate, and just 150-uW power 
dissipation per amplifier. 


With a supply voltage of 1.4 V, common-mode 
input to the negative rail, and output swing to the 
negative rail, the TLC1079 is an ideal solution for 
low-voltage, battery-operated systems. The 
20-mA output drive capability means that the 
TLC1079 can easily drive small resistive and 
large capacitive loads when needed, while 
maintaining ultra-low standby power dissipation. 


Since this device is functionally compatible as 
well as pin compatible with the TLC27L4 and 
TLC27L9, the TLC1079 easily upgrades existing 
designs that can benefit from its improved 
performance. 


The TLC1079 incorporates internal ESD- 
protection circuits that prevent functional failures 
at voltages up to 2000 V as tested under MIL- 
STD-883C, Method 3015.2; however, care 


LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


Power Dissipation as Low as 10 uW Typ per 
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D3147, AUGUST 1988— REVISED OCTOBER 1988 


D, J, OR N PACKAGE 
(TOP VIEW) 


FK PACKAGE 
(TOP VIEW) 
EF ok 
aa a 
O O 
-~Z2+t 

2 


2 


| 
< 
+ 
= 


| 
< 
3 


O 
Zz 
1 


20 19 


1IN+ 14 18U4 IN+ 
NC {5 17LUJNC 
VopUé 16L] GND 
NCD? 15(]NC 


2IN+fs8 


14/13 IN+ 


10 11 
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O 
= 


12 13 


9 
= 
| 
Zz 


= = 
FOE 
Sar 
O Oo 


3 IN 


NN o 


Operational Amplifiers 


NC —No internal connection 


symbol (each amplifier) 


OUT 
IN+ 


DISTRIBUTION OF TLC1079 
INPUT OFFSET VOLTAGE 


296 Amplifiers tested from 2 wafer lots 


Percentage of Amplifiers — % 


0 ee See ses 
— 1200 — 600 0 600 1200 


Vio — Input Offset Voltage — .V 
4 Copyright © 1988, Texas Instruments Incorporated 
Ha 
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description (continued) | 


should be exercised when handling these devices as exposure to ESD may result in degradation of the device 
parametric performance. The TLC1079 design also inhibits latchup of the device inputs and outputs even with 
surge currents as large as 100 mA. 


The M- suffix devices are characterized for operation over the full military temperature range of —55°C to 
125°C. The I- suffix devices are characterized for operation from —40°C to 85°C. The C- suffix devices are 
characterized for operation from 0°C to 70°C. The wide range of packaging options includes small-outline and 
chip-carrier versions for high-density system applications. 


AVAILABLE OPTIONS 


TA SMALL OUTLINE | CHIP CARRIER | CERAMIC DIP | PLASTIC DIP 
[est 7O | TuoTe7eGD | __— __| TUGi07eGI | TLCTO7ECN | 
=4C10 85° | _TLcto7eID | __— | TLcvo7aN | TLCTO7aIN | 
P=ssCto ter | ~—+| ‘TcioreMFK | TLCio7eM [| — —_— 


NOTE 1: The D package is available taped and reeled. Add the suffix R to the device type 
(e.g., TLC1079CDR). 


equivalent schematic (each amplifier) 


sidijduy jeuoneisdC Bw) 


VppD 
Q3 Q6 

R6 

Q1 Q5 
IN- 
R1 | R4 
Qs 
+ 
IN de C1 Q11 Qi2 
+ 
Q7 OUT 
Q10 
Q2 Q4 Aud 
Qg 
R2 D1 R3 
R7 
GND 
i, 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply Vonsee, Vin (see NOG Baqi s . . . . PEGI ROE eh oS os Foch 0s 080 vlpeauonecubrn ale < 18V 
RPERONTL (OCI meee (GOOF INOleriN)-< DANG. Ad ela ies pce WL ied 6 vee ow es we eo +VppD 
Tipe esas AI LOO AIR ge te ore. vy ee a Gin ax, ba ekeoege ME bau ew 0 ee eS —0.3 V to Vpp 
IMDURGHITGrL, Ue (OMCMDUNY . yes since te OTAT Bogs VO oe MRL OEE cil a ov wee RS +5 mA 
OUtSuECuUIFanT, 14) teacH-OUIDUL)....-\. 0s). cca, » Oh A eee Shs WR ss 1 JRO Iman +30 mA 
Total corren? inte Vor terminal ($06 NO 4) 0%. is ve cca or eb bye obs ee eee, 45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ....... eee ee eee Unlimited 
COMTLIOUS IO1et CISSHIOOONN Se ij ek ob eee ae Voces. 0S Oe FORE See Dissipation Rating Table 
Operating free-air temperature, Ta: M-suffix 2... ...... 0. cece ee eee ees ~55°C. to 125°C 
NEON oak pss ok he stake Fee I We —40°C to 85°C ? 
LS ere rare tre Peete rs ie 0°C to 70°C 
Slernae tenmari amet anOe 3. bh ih. Wet ade eh ati REM ace cae Vd ale) heewn —65°C to 150°C 
Case temperiiuresor GO Seconds) FICDACKEGe 2.6 inc cava Fieve coe tegen 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DorNpackage............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............... 300°C 


NOTES: 2. All voltage values, except differential voltages, are with respect to network ground. 
3. Differential voltages are at the noninverting input with respect to the inverting input. 
4.The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation ratings is not exceeded. 


DISSIPATION RATING TABLE 


PACKAGE Ta = 25°C peratiINGFActon _ (A= 70°C eases Ta = 125°C 
POWER RATING POWER RATING POWERRATING POWER RATING 


2) 

dees 

RS 

oo 

£ 

< 

S 

Cc 

& 

~ 

4°) 

ros 

® 

950 mW 7.6 mW/°C 608 mW om 
.e) 


1375 mW 11 mW/°C 880 mW 
1375 mW 11 mW/°C 880 mW 
1575 mW 12.6 mW/°C 1008 mW 


recommended operating conditions 


upply volags, Vb 4 16 


Vpop = 5V 
Common-mode input voltage, Vic 
Operating free-air temperature, Ta —55 
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electrical characteristics over operating free-air temperature range (unless otherwise noted) 


ae 
Mo's 24M, Mio. OMe (Rulienge) © 9 2 ABO 28S) Se Soe 


Temperature coefficient Rg = 509, Ry =1M0Q |} 25°C to 14 1 
IO. of input offset voltage 70°C 
0.1 
B 


BVvrC 
iq Put offset current A 
IO _ (see Note 5) Vo = Vpp/ 2. , 
Ig _ inPut bias current Vic = Vop/ 2 PRS UA ee a ae cae 
IB (see Note 5) 40 600 50 600| © 


—0.3 
25°C to to to V 
9.2 


Common-mode input 


4 4.2 
voltage range 02 
(see Note 6) } 
Full range to 
8.5 


a2 89 v 
Lie | 62 eee eee | 
ee ere Sok” Chie a 
ee a RN reed Se 
Be he SEN | RRR Ry 
[a5 | 250 62s —=«d|«=aOO OC 
Vimy 
z 
ommon-mode ' ° 
Vie = Voo! 2, HA 
No load 


NOTES: 5. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7.At Vpp = 5 V, Vo = 0.25 V to 2V; at Vpp = 10 V, Vo = 1 Vto BV. 


Vip = 100 mV, 
RL = 1 MQ 


High-level output voltage 


Vip = -100 mV, 


Low-level output voltage 
p g lol = 0 


Large-signal differential RL = 1 MQ 
voltage amplification See Note 7 


Supply-voltage rejection Vpp = 5 Vto 10 V, 


k 
SVR ratio (AVpp/AVio) Vo =1.4V 


Supply current 


| 
DD (four amplifiers) 


operating characteristics 


TEST CONDITIONS Vpp = 5V Vpp = 10V 
PARAMETER UNIT 
ita TPM MIN TYP MAK 


eet. ee een 
ie. RS bE (Eo cee 
Pag eee 
Ag=foon| ec [68+] ———SCi=«d | 
fee oe ee 
ie a ees amore Se 


RL = 1M, Cy = 20 pF, 
Vipp = 1V, See Figure 1 


Vn Equivalent input noise voltage {f= 1 kHz, 


By 


SR_ Slew rate at unity gain 


Unity-gain bandwidth Cy = 20 pF, See Figure 2 


dm Phase margin at unity gain 
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electrical characteristics over operating free-air temperature range (unless otherwise noted) 


TEST CONDITIONS 
PARAMETER pp = ° Yon =. 10% UNIT 
ee 


V Input offset voltage as pee end dee Vv 
be R Vo=14V, Vic=0V, |Fullrangel ==~=~*«SSO 1650 |" 


Temperature coefficient Rg = 509, Ry =1MOQ | 25°C to 14 , V PC 
Q . 
VIO of input offset voltage 85°C ‘ 
B 


: 
(28 Note 5) Vo = oo! 2. 
a eee clase | Tccuwoy | ae eee 
(06 Note 5) 


-0.3 
25°C to V 


: 9 9.2 
-0.2 -0.2 
Full range to to V 
; 8.5 


3.5 
32 4.1 8.2 8.9 


Common-mode input 
VICR_ voltage range 
(see Note 6) 


Highevel output votage | MID = 100 mv, v 
es 
Pee. te 
Low-level output votage Pyare [ae | snare GBM. mo 
Pee pe 
eo eee Paro | ao eas | | oo eo 
AVD\schage-amallloation = See Note 7 Vinal 


A ee 
Vie = Vier min 
: | A ep : aes Seer: | I; ee CS aS 98 Be Se Sa 98 
epeicingersienior’ =| = (Notes © VIEIOV oatwage Te geen) |e ge 
ratio (AVD/AVi0) ‘on 

57 92 


Common-mode 
rejection ratio 


CETTE eT Scout ee er ee 
pds Seat Vic = Voo/ 2 62108 sare wp 
No load Ue eee 4072 


NOTES: 5. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7.AtVpp = 5 V, Vo = 0.25 V to 2 V; at Vpp = 10 V, Vo = 1 Vto BV. 


operating characteristics 


PARAMETER TEST CONDITIONS Vpp = 5V Vpp = 10 V UNIT 
a 


ee ee 
SA_ Slew rate at unity gen Sed etic ac ee A CN ML 
ree ee ee 
Va_Equvalentinputnoise votlage [f= 1kHe Ag=1000| 20 | 68 ~~ SSCiSSCSC*d 
ee ee 


Bi _Unity-gain bandwiat OL =20pF, SeeFigue2[—4re | 190~=~S~dSC“<*‘“‘iSSSCSC*d;C 


dm Phase margin at unity gain 
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electrical characteristics over operating free-air temperature range (unless otherwise noted) 


on 
Se A 
ee 


Temperature coefficient Rg = 509, Ry =1MO | 25°C to 
1.4 1.4 V/°C 
“VIO of input offset voltage 125°C ead 
pA 
B 


506 Note 5) Vo = Voo/2 
ae ee eres Be CRMEES Ie eee. us 
526 Note 5) nA 


Common-mode input 
Full range to to V 
, 8.5 


VICR voltage range 
(see Note 6) 
3.5 ; 

v 
BcaNee oe SSeS Ce ee 
i eee Os ee Ser y 
ec NE SR EE ae 
FE a RS Sluis ee eee 5 
[25°C | 250625 —«| «80080 
(=s5°C | 250 950 —~| 5001780 —*(|-Vimv 
Vic = Vior min 


Vip = 100 mV, 
RL = 1 MQ 


High-level output voltage 


Vip = —100 mV, 


V Low-level output voltage 
OL p g Io, = 0 


Large-signal differential 
voltage amplification 


RL = 1MO 


A 
is See Note 7 


oO 


CMRR Common-mode 
rejection ratio 


Supply-voltage rejection 
ratio (AVpp/AVjo) 


Vpp = 5Vto 10V, 


k 
- he Vo = 1.4V 


fae: Vo = Vpp/ 2. 40 68 57 «82 
| upply current Vic = Von/ 2, —55°C 69 120 111 192 A 
DD (four amplifiers) IC Db! psC a 


No load 125°C 27 48 35 60 


NOTES: 5. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7.At Vpp = 5 V, Vo = 0.25 Vto 2V; at Vpp = 10 V, Vo = 1 Vto 6 V. 


operating characteristics 


TEST CONDITIONS Vpp = 5V 
PARAMETER 


RL = 1MQ, Cy = 20 pF, 
Vipp = 1V, See Figure 1 


Vn _ Equivalent input noise voltage |f=1kHz, Rs = 1000 


By Unity-gain bandwidth CL = 20 pF, See Figure 2 


SR_ Slew rate at unity gain 


om Phase margin at unity gain CL = 20 pF, See Figure 2 
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PARAMETER MEASUREMENT INFORMATION 


Vo 10 kQ 
vi 
ae 100 9 
VI 
VpD/2 
CL zh 
C_ includes fixture capacitance. CL includes fixture capacitance. 
FIGURE 1. SLEW RATE TEST CIRCUIT FIGURE 2. UNITY-GAIN BANDWIDTH AND 


PHASE MARGIN TEST CIRCUIT 


TYPICAL CHARACTERISTICS 


DISTRIBUTION OF TLC1079 DISTRIBUTION OF TLC1079 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT 


F : 
*” 
bes 
® 

See 
a 
& 
<x 
r) 
© 
2 
od 
Ae) 
hen 
® 
2. 
©) 


356 Amplifiers tested from 8 wafer lots 356 Amplifiers tested from 8 wafer lots 


Vpp = 10V 
Ta = 25°C to 125°C 
4 Outliers: ” Outliers: 
S| y192ywre S$ | qy187~vee 
a 2 (1) 11.6 pv/°C 
: : 
6 i 
& 5 
: : 
é é 
-10-8 -6 -4-2 0 2 4 6 8 10 -10-8 -6 -4-2 0 2 4 6 8 10 
ayIO — Temperature Coefficient — .V/°C ayiO — Temperature Coefficient — pV/°C 
FIGURE 3 FIGURE 4 
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TYPICAL CHARACTERISTICST 


HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
VS VS 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 
Vip = 100 mV 

r f 

& ) 

= 2 

3 

3 3 

1°) 
O 3 $ 
. 5 § 
c 6 2 
eS) F = =x 
| hee : 
S 5 5 
3] 
> 0 -10 - 20 - 30 - 40 
3 Ion — High-Level Output Current - mA lon — High-Level Output Current - mA 
= FIGURE 5 FIGURE 6 
oO 
a HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 

VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Von — High-Level Output Voltage — V 
VOH — High-Level Output Voltage — V 


0 2 4 6 8 10 12 14 16 -75 -50-25 0 25 50 75 100 125 
Vpp — Supply Voltage — V Ta — Free-Air Temperature — °C 
FIGURE 7 FIGURE 8 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
COMMON-MODE INPUT VOLTAGE 


ay 400 
awa 
das 

ip = -1V ies 


500 


400 


Voi — Low-Level Output Voltage — mV 
Voi — Low-Level Output Voltage — mV 


Vic — Common-Mode Input Voltage — V 


FIGURE 9 
LOW-LEVEL OUTPUT VOLTAGE 
VS 


DIFFERENTIAL INPUT VOLTAGE 


Vic = Vip / 2i 


Vo_ — Low-Level Output Voltage — mV 
Vo_ — Low-Level Output Voltage — mV 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
COMMON-MODE INPUT VOLTAGE 


2 4 6 8 10 
Vic — Common-Mode Input Voltage — V 
FIGURE 10 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
FREE-AIR TEMPERATURE 


Operational Amplifiers od 


0 
0 -2 -4 -6 -8 - 10 -75 -50 -25 0 25 50 $75 100 125 
Vip — Differential Input Voltage — V Ta — Free-Air Temperature — °C 
FIGURE 11 FIGURE 12 
T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
i 
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TYPICAL CHARACTERISTICST 


LOW-LEVEL OUTPUT VOLTAGE 
S 


V 
LOW-LEVEL OUTPUT CURRENT 


Vip = -1V 
09F Vic = 05V 


VoL — Low-Level Output Voltage — V 
oO 
on 


0 1 2 3 3 5 6 7 8 
lo. — Low-Level Output Current - mA 


FIGURE 13 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


VS 
SUPPLY VOLTAGE 


Ayp — Differential Voltage Amplification — V/mV 


0 2 4 6 Ag a2 14a 
Vpp — Supply Voltage — V 


FIGURE 15 


LOW-LEVEL OUTPUT VOLTAGE 


VS 
LOW-LEVEL OUTPUT CURRENT 


VoL — Low-Level Output Voltage — V 


0 10 6 2 25 30 
te Low-Level Output Current -mA 
FIGURE 14 
LARGE-SIGNAL 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


VS 
FREE-AIR TEMPERATURE 


$3 8 
Zz 


Ayp — Differential Voltage Amplification — V/mV 


-75 -50 -25 0 25 S50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 16 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC1079 
LinCMOS™ uwPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSTt 
INPUT BIAS CURRENT AND INPUT OFFSET CURRENT COMMON-MODE INPUT VOLTAGE POSITIVE LIMIT 


VS VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
0 Se 
7 
SSS SS 8 
a s 
5 ae oe ee ee eee ee 2 2 
iS ————— OO — = 
é : : 
2 a = A 
2 E a. 
ya a a ee oe 6 E 
SS O x 
Se > — 
0.1 et tt ~ 
25 45 65 85 105 125 0 2 g 6 8 10= —“t2> — 182-6 re) 
Ta — Free-Air Temperature — °C Vpp — Supply Voltage - V ‘~~ 
© 
FIGURE 17 FIGURE 18 © 
SUPPLY CURRENT SUPPLY CURRENT oS 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
180 
Vo = Vpp/ 2 
ie; cedeartael OW eer oo 
wee) 
140 
See TTI) ot eel * 
| 120 ~ 
10 Se eae 
5 100 5 
Fgh | tae ete 
& 80 
=) = 
5 3 
| 
8 8 


20 
0 
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125 
Vpp — Supply Voltage — V Ta — Free-Air Temperature — °C 
FIGURE 19 FIGURE 20 


+t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 5: The typical values of input bias current and input offset current below 5 pA were determined mathmatically. 
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TLO1079 
LinCMOS™ uwPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 
SLEW RATE SLEW RATE 


VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


RL = 1MQ 
ree vi pF 


a ae 1 


Vpp = 10V 
Vipp = 1V 


SR — Slew Rate — ms 
SR — Slew Rate — ms 


sioiyiydwy jeuoijeiedg sa 


0 
0 2 4 6 Se -40h-- 325-140 16 -75 -50 -25 0 25 50 75 100. 125 
Vpp — Supply Voltage - V Ta — Free-Air Temperature — °C 
FIGURE 21 FIGURE 22 
NORMALIZED SLEW RATE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS VS 
FREE-AIR TEMPERATURE FREQUENCY 


CTIA LTT = | 
ee it Aree 
TTT AWWA = sre 
Se OTM 
coer AY II 


ge 


R_ = 1 MQ 


Il 
nT RMATIIINNSU 
UL ss 


Normalized Slew Rate 
Von — Output Current — V 
> ou 


0.5 0 
-75 -50 -25 0 25. 50 #75 100 125 0.1 10 100 
Ta — Free-Air Temperature — °C eC Frequency — kHz 
FIGURE 23 FIGURE 24 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LinCMOS™ uPOWER PRECISION QUAD OPERATIONAL AM 


TYPICAL CHARACTERISTICST 


UNITY-GAIN BANDWIDTH 
VS 
FREE-AIR TEMPERATURE 


Vpp = 5V 

Vj = 10 mV 
Cy = 20pF 
See Figure 2 


B, — Unity-Gain Bandwidth — kHz 


-75 -50 -25 0 25 50 £75 
Ta — Free-Air Temperature — °C 


FIGURE 25 


100 125 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


VS 
FREQUENCY 
c 
) 
r=) 
8 
= 
r- 
E 
; 
$ 60° 
8 
em ‘ 
5 10! 
2 eS ee 
i sm io unite eae 
0.1 
1 10 100 1k 10k 100k 1M 
f — Frequency — Hz 
FIGURE 27 
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Phase Shift 


B, — Unity-Gain Bandwidth — kHz 


Ayp — Differential Voltage Amplification 


UNITY-GAIN BANDWIDTH 


VS 
SUPPLY VOLTAGE 

140 

Vj = 10 mV 
1907 c, = 20pF 
120 Tg = 25°C 

See Figure 2 
110 
100 
90 
80 
70 
60 


0 2 4 6 8 10 12 14 16 
Vpp — Supply Voltage - V 


FIGURE 26 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
VS 
FREQUENCY 


1k 
f — Frequency — Hz 


FIGURE 28 


10k 100k 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO1079 


LinC¢MOS™ wPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


PHASE MARGIN 


VS 
SUPPLY VOLTAGE 


Vj= 10 mV 


CL = 20 pF 
Ta = 25°C 
See Figure 2 


? m— Phase Margin — degrees 


0 2 4 6 8 10 12 14 #16 
Vpp — Supply Voltage — V 


FIGURE 29 
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PHASE MARGIN 


VS 
CAPACITIVE LOAD 


? m— Phase Margin — degrees 


0 20 40 60 80 100 
C,_ — Capacitive Load — pF 


FIGURE 31 


PHASE MARGIN 


VS 
FREE-AIR TEMPERATURE 


} MO Bt 
ie Sawin, & 
Ole, ca OU cl la: 
a tel ans Sot SE 
20 


-75 -50 -25 0 25 S50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 30 


m7 Phase Margin — degrees 


¢ 
4 


EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 


Pao 5V 


STIS 


Vn— Equivalent Input Noise Voltage — nV/VHz 


a Frequency — 
FIGURE 32 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL€2201, TLC2201A, TLC22018 
Advanced LinCMOS™ LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 


D3173, NOVEMBER 1988 


@® TLC2201B Is 100% Tested for Noise: 


@ Low Input Bias Current ... 1 pA Typ 


25 nV/VHz Max atf = 10 Hz at Tp = 25°C 
12 nVNVHz Max at f = 1 kHz @ Fully Specified for Both Single-Supply - 
@ Low Input Offset Voltage ... 200 nV Max and Split-Supply Operation 
® Excellent Offset Voltage Stability @® Common-Mode Input Voltage Range 
with Temperature ... 0.5 nV/°C Typ Includes the Negative Rail 
description HR Soe EQUIVALENT 
The TLC2201, TLC2201A, and TLC2201B are sid ae a mae 
precision, low-noise operational amplifiers using 
Texas Instruments Advanced LinCMOS™ 60 Bisa 3 2 
process. These devices combine the noise 


performance of the lowest-noise JFET amplifiers 
with the dc precision available previously only in 
bipolar amplifiers. The Advanced LinCMOS™ 
process uses silicon-gate technology to obtain 
input offset voltage stability with temperature and 
time that far exceeds that obtainable using metal- 
gate technology. In addition, this technology 
makes possible input impedance levels that meet 
or exceed levels offered by top-gate JFET and 
expensive dielectric-isolated devices. 


20 He a 


The combination of excellent dc and noise Hiilimnai 


performance with a common-mode input voltage 
range that includes the negative rail makes these 
devices an ideal choice for high-impedance, low- 
level signal conditioning applications in either 
single-supply or split-supply configurations. 


V,— Equivalent Input Noise Voltage — nV/VHz 
S 


= 


2 
= 
= 
S 
= § 
G 
¢ 
2 
os 
< 
® 
2. 
©) 


10 k 


as Ben a 


The device inputs and outputs are designed to withstand —100-mA surge currents without sustaining latchup. 
In addition, internal ESD protection circuits prevent functional failures at voltages up to 2000 V as tested under 
MIL-STD-883C, Method 3015.2; however, care should be exercised in handling these devices as exposure 
to ESD may result in degradation of the device parametric performance. 


AVAILABLE OPTIONS 


PACKAGE 
Vn max Vn max 
Ta |arase| (2 iOhe|t = 140) true. DR Oe ARRIER CAN 
f | AT 25°C | AT 25°C | (D) (P) ; (JG) (FK) (L) | 
O°C | 200pV | 25nV/VHz| 12nV/VHz| TLC2201BCD TLC2201BCP TLC2201BCJG = cies TLC2201BCL 
to 200 uV | 35nV/VHz | 15nV/VHz| TLC2201ACD TLC2201ACP =‘ TLC2201ACJG —— TLO2201ACL 
70°C | 500 nV ann ene TLC2201CD TLC2201CP TLC2201CJG —— TLC2201CL 
/- 40°C | 200 LV | 25 nVHz | 12nV/VHz| TLC2201BID  TLC2201BIP TLC2201BIJG — TLC2201BIL 
to 200 nV | 35nV/VHz | 15nV/VHz| TLC2201AID TLC2201AIP TLO2201AlJG sr a6 TLC2201AlL 
65° S00 ey | ee Ls TLO22011D TLC22011P TLC22011JG rae TLO2201IL | 
—55°C | 200nV | 25nV/VHz | 12nV/VHz|} TLC2201BMD TLC2201BMP TLC2201BMJG TLC2201BMFK TLC2201BML 
to 200 nV | 35nV/VHz | 15nV/VHz) TLC2201AMD TLC2201AMP =TLC2201AMJG = TLC2201AMFK = TLC2201AML 
oo | Sa | ae TLC2201MD —_—TLC2201MP TLO2201MJG_ = TLC2201MFK —-TLC2201ML 


D packages are available taped-and-reeled. Add “R” suffix to device type when ordering (e.g., TLC2201BCDR). 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production — does not 
necessarily include testing of all 


parameters. 
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TLC2201, TLC2201A, TLC2201B 
Advanced LinCMOS™ LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 


description (continued) 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C to 
125°C. The I-suffix devices are characterized for operation from —40°C to 85°C. The C-suffix devices are 
characterized for operation from 0°C to 70°C. 


D, JG, or P PACKAGE FK PACKAGE L PACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) 


© Orr: © 
Pe ALE a EO 


3 2: 1-209 


Vpp —/GND 


Pin 4 of the L package is in electrical 
contact with the case. 


NC — No internal connection 


equivalent schematic 


2) 
S 
® 
=] 
a) 
So 
3° 
= 
2 
> 
3 
= 
= 
© 
= 
Oo 


VDD + 

Q3 Q6 ag Q12 Q14 Q16 
Paes C1 OUT 
IN — oa 
Qi Q4 
Q13 Q15 Q17 
D1 
Q7 Qs Q10 Q11 
R1 R2 
Q2 Q5 
VoD Zz. 
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TLCE2201, TLC2201A,TLC2201B 
- Advanced LinCMOS™ LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


DUDINY WORROS ! Very), (SOONG Meng ik wiry 9c wales Fak » «pie ace Slen sv, cee pani aeem age Choe = hw 8V 
aE re ne DER ON Tae ce dy wn a Sine oo ee Ge RRO’ vs TT Lae aes Oe -8V 
Ev reeres elon revert ores CEO INOS 2) od akc. cs ae ela eh wie ares yale pale SRA DN + 08 vaglepaamduchane +16 V 
INDE VONege FANOR-Victany iNDUl, SOG MOIS. 1) lS cca eee gic ee ec ev eNotes bb eed +8V 
PEER CRMFRIAI NG, AE Ue IDEN 0 SoS ia ss cckr gti Sti a ogo os le Ae ang eh UI eae wy hes doa nem oa ee +5 mA 
RIO UME TENS nea OO hy daw suid \h aes, w olay meh Be bea heed ten Mace teed ek ok a bi a wR aD +50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)..................0. 000000 Unlimited 
Liki Ole) CUMS 3) 2. ik ake Gas ere Mees Kee eo bee ieee see Dissipation Rating Table 
Operating free-air temperature, Ta: M-Suffix ........... 0. cee cece ee eee teres — 55°C to 125°C 
Peulfixo 3.3 PARC LEM ed At yh dia haabeey wud kik eee — 40°C to 85°C 2 
Ca aa Fee ad Secs ok ae Stes Lae oe 0°C to 70°C 
Saree terrae TONS: x oii a 5 Poi at as AS Ny eWay as Pes oars — 65°C to 150°C 
Case temperature for 60 seconds: FK package ............. ccc cect eee eee eens 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package............... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package .............. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vpp , and Vpp -_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 
maximum dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


” 
dase 
© 
on 
ro 
= 
< 
G 
c 
9S 
ee 
© 
Sens 
© 
o. 
Oo 


en aae Ta < 25°C DERATING FACTOR ___ Ta = 70°C Ta = 85°C Ta=125°C | 
POWER RATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 
D 725 mW 5.8 mW/°C 464 mW 377 mW 145 mW 
FK 1375 mW 11.0 mw/°C 880 mW 715 mW 275 mW 
JG 1050 mw 8.4 mW/°C 672 mW 546 mW 210 mW 
L 650 mW 5.2 mW/°C 416 mW 338 mW 130 mW 
ae P 1000 mw 8.0 mw/°C 640 mw 520 mW 200 mW 


recommended operating conditions 


M-SUFFIX I-SUFFIX a C-SUFFIX 
MIN MAX | MIN MAX | MIN max | UE 
Supply voltage, Vpp +23 +8 +2.3 +8 +2.3 +8 V 
Bee AS Ghia = Take © hie mn Deke 
rouge, Vi VpD - VDD +~— 2.3 | VpD - Vop +- 2:3 | Vpp - VoD +-2:3| V 
Operating free-air _55 125 ae 85 0 70 6 
temperature, Ta | 
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TLE2201M 
Advanced LinCMOS™ LOW-NOISE PRECISION © 


OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


TLC2201M 
PARAMETER TEST CONDITIONSt — UNIT 
MIN TYP MAX | 
25°C 100 500 
V | ff | 7; pV 
iO nput offset voltage Fullyancie| 700 Mm 
| 55°C to | | 
avIO Temperature coefficient of input offset voltage 125°C 0.5 uV/°C 
Input offset voltage long-term drift (see Note 4) Vic = 9, Rs = 502 25°C. | 0.001 0.005 | n.V/mo 
Input offset current | 2r0 bs A 
P Full range | 500 P 
25°C 1 
| nt r 7 A 
2 nput bias curre mii rand 500 p 
-5 
© VicR | Common-mode input voltage range Rg = 502 Full range to V 
5°) 2.7 
@ 25°C 4 4 4} 
at Vom+ Maximum positive peak output voltage swing if # V 
pe) Full range 4.7 
oe }— Ry = 10kQ 4 
QO iv Maximum negative peak output voltage swing ee ee elie aioe V 
5 OM - Full range | —4.7 
ray) Vo = +4 V, 25°C 400 560 
Ri = 500 kQ, Full range | 200 
A Large-signal differential voltage amplification + ro + V/mV 
D> vd een il Vo = +4V, 25°C 90 100 - 
3 R_ = 10 kQ Full range 45 
a a | . 
— nae Vo = 9, Vic = VicR min, 25°C 90 115 
—_e CMRR Common-mode rejection ratio B 
= Rs = 50 Full range 85 ‘ 
aT [25°C 90 110 
-— k Supply-voltage rejection ratio (AV / AV V = +23Vto+8V dB 
Ow SVR pply-voltage rej (AVpp +/ AVI) DD + Full ranges 35 
2 Bee (a T T a 
25°C 1.1 hand 
| Supply current | Vo = 0, No load + A 
L DD aban 0 Full range 13 ” 


operating characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted) 


x 
TLC2201M 
ETER TEST CONDITIONSt 
PARAMETE | MIN. TYP MAX UNIT 
eee | Vo = 2.3V, RL = 10kQ,| 25°C o . Ba 
SR Slew rate at unity gain V/us 
Cy, = 100 pF 
Full range 1.3 | 
V Equivalent input noise voltage | f = 10 He ae ib V/NH 
ie ry ie 9 f = 1 kHz 25°C 8 sicepbeee 
f-=-0.1 to THz 25°C 0.5 
ae ; 

Vnpp _ Peak-to-peak equivalent input noise voltage 04% te 25°C 07 | pV 
Equivalent input noise current 25°C | 0.6 fA/VHz 
Gain-bandwidth product pai ee ae cats 1.9 MH 

‘ CL = 100 pF . 
] T 
dm Phase margin at unity gain RL = 10kQ, CL = 100pF/ 25°C 48° 


tFull range is — 55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T, = 150°C extrapolated 


to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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| TLC2201AM, TLC2201BM | 
Advanced LinCMOS™ LOW-NOISE PRECISION ; 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


—+— —+— s+ 


TLC2201AM TLC2201BM 


PARAMETER TEST CONDITIONSt - + UNIT 
ia MIN TYP MAX MIN TYP MAX | 
‘2 Eau 3 | 
Vio Input offset voltage Ls Z i RE la ca Sac uV 
Full range 400 400 | i) 
Temperature coefficient —- 55°C to . 
pei beer input offset voltage 125°C ie Si wes 
Input offset voltage ay 
Vic = 0, Rs = 502 001 0. ; } 
long-term drift (see Note 4) IC S 25°C 0.001 0.005 0.001 0.005 et 
lio Input offset current el el ere = t wa pA 
| 4 Full range 500 | 500 | 2 
lip Input bias current ere = | pA 
Full range 500 500 
Common-mode input [ = | -5 | 2 
VICR Rg = 502 Full range to to V ® 
voltage range ue 
o.7, 2.7. 3 3 — 
| V Maximum positive peak ed 25°C 4.7 4.8 4.7. 4.8 V e. 
ah RARE § 
OM + output voltage swing ae ee L Full range 4.7 ee, 4 a 
V Maximum negative peak ae 25°C -4.7 -4.39 -47 -49 ay | gq 
OM - output voltage swing | Fullrange | -4.7 —4.7 mii 
. Vo = +4 V, 25°C 400 560 |__ 400 560 | Ss 
- Large-signal differential Ry = 500 kQ Full range 200 200 VimV ro) 
VD voltage amplification Vo = +4V, 25°C 90 100 90 100 ~~ 
S | Full range | é % 
Ri = 10kQ , Full range 45 | 45 ad 
Common-mode Vo = 0,Vic = VicRmin,| 25°C 90 8115 90 115 o 
CMRR ae seer Reraaclaeeoameres b dB oe. 
rejection ratio Rs = 50 Fullrange | 85 85 ‘o) 
ly-vol jecti 2 
ae Suny voltage rejection Vop + = +23Vto+8V 25°C 90 110 ee 110 dB 
ratio (AVpp +/ AVC) . | Full range 85 85 
T 
25°C 1.1 1.5 1.1 1.5 
| Supply current Iv = -0; No load Fulkango | mA 
DD Pry Oo Full range | 1.5 1.5 | 


operating characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted) 


y Witgga 5 
TLC2201AM TLC2201BM 
TEST CONDITIONSt L. NIT 
iieoeree ine MIN. TYP MAX | MIN TYP MAX © 
oe MOS eerie epee ee = A 
ines aie MO eter 25°C a 23 2 27 
= at unity gain 5 dace r | V/us 
¥9g Cy = 100 pF Full range 13 1.2 
| Equivalent input noise f = 10 Hz 25°C 18 35 18 25 
V + nV/VHz 
" voltage (see Note 5) f = 1kHz 25°C 8 15 a 8 12 | 
V Peak-to-peak equivalent f= 0.1 to 1 Hz 25°C 0.5 0.5 V 
___NPP input noise voltage f= O1to10Hz | 25°C 0.7 | 0.7 3 
In Equivalent input noise current | | 25°C 0.6 0.6 fA/VHz 
f = 10 kHz, ] 4 
Gain-bandwidth product Ry = 10 kQ, 26°C 1.9 t.9 MHz 
CL = 100 pF } oh: 
b Ph in at unity gain Atta 08 25°C 48° 48° 
m ase margin at unity g C= 100 pF 


TFull range is — 55°C to 125°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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TLC€2201M 
Advanced LinCMOS™ LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


; ] TLC2201M 
PARAMETER TEST CONDITIONSt — UNIT 
MIN TYP MAX | 
V Input offset voltage ee Ue cal V 
lO P @ Full range 700 | © 
cf — 55°C to 
avIO Temperature coefficient of input offset voltage 125°C 0.5 wV/°C 
Input offset voltage long-term drift (see Note 4) | Vic = 0, Rg = 502) 25°C 0.001 0.005 | uV/mo 
| Input offset current oR so pA 
lO 
ies err A | Full range | 500 | | 
I | Input bias current seals A 
IB P 5 Full range 500 | 
| 0 
VICR Common-mode input voltage range | Rg = 502 Full range to V 
3F - a 4 2.7 
| 25°C 4.7 4.8 
| V Maximum high-level output voltage Ry = 10kQ V 
| ua i bias oe oes : lee Full range | 4.7 
25°C 0 50 
| V Maxi low-level output voltage lo = 0 — V 
; OL ee ow-level outpu g O Full range 50 m a 
| Vo = 1Vto4V, | 25°C 150 315 
Ry = 500 kQ, Full range 75 
| A Large-signal differential voltage amplification + V/mV 
| “VD aay pig cee Vo = 1Vto4V, ee a ee ee 
R_ = 10 kQ Full range 10 
; Dan tie te Vo = 90, Vic =V min, 25°C 11 
_CMRR Common-mode rejection ratio 0 ic oR fF ate =P a : dB 
| | Rg = 50Q Full range | 85 
@ eRe RES [ 25°C 90 110 eee = 
kK Supply-voltage rejection ratio (AV / AV Fa = 46Vto16V —_— B 
| ; a aid " g ject | ( DD + fe), | DD Full range | 85 q 
| 25°C 1 1.5 
| | Suppl rent Vo = 2.5V, No load 
| ‘DD Pan 2s 0 Full range 15 ii 


operating characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


ibetan 
| TLC2201M 
PARAMETER TEST CONDITIONSt | 
: | MIN TYP MAX sade 
SR Slew rate at unity gain ATS A a ea adit ee V/ 
W unity 5 . Us 
Ap ae OF 1 OU Br oat range 1.1 
OE ae alae eee f = 10 Hz | 25°C 18 
Vin Equivalent input noise voltage geen a = nV/VHz 
‘ ~ | fm totH i 
_Vnpp _ Peak-to-peak equivalent input noise voltage Paani “ ee . wV 
fale Equivalent input noise current | [5 2 -25°C 0.6 fA/VHz 
| a | f= 10kHz, RL = 10kQ, : 
Gain-bandwidth product | C, = 100 pF 25°C 1.8 MHz 
em _ Phase margin at unity gain Ri = 10kQ, Cy = 100 pF 25°C 45° 


TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2201AM, TLC2201BM 
Advanced LinCMOS™ LOW-NOISE PRECISION 
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


J 


PARAMETER TEST CONDITIONSt | __SECREOTAM Sarhiseseieev ree 2: iia 
| | MIN TYP MAX MIN TYP MAX | | 
Vio Input offset voltage — t at Ege uV 

Full range | 400 400 
Temperature coefficient - 55°C to | 

“VIO of input offset voltage 125°C: -.| ie a pst: 
eae eee Vic=0, Rg = 502} 25°C 0.001 0.005 | Se naa 
long-term drift (see Note 4)) 'C ~~ aes | | WON 

lo Input offset current 2 Ln ae + pA 

Full range 500 | 500 2 
4 
25°C 1 1 

| Input bias current ‘| A 

ia Z | Full range | 500 500 | © | 
Common-mode input | ° : 

VICR | Rg = 50 Full range to ae Vv ae 
voltage range | | — 

i high-level e : , ; 

Yai aximum high-leve RL = 10kQ 25°C 4.7 4.8 L447 4.8 Y, ~ 
output voltage | Fullrange | 4.7 4.7 = 
Maximum low-level 25°C 0 50 | 

VOL lo = 0 t = mV < 
output voltage Full range | 50 ‘ 50 | aii 

Vo = 1Vto4V, 25°C 150 315 150 315 = 
Large-signal differential Ry = 500 kQ Full range 75 75 ro) 

AVD ae t r +Vimv; Y 
voltage amplification Vo = 1Vto4V, 25°C 25 55 25 55 ~~ 

| RL = 10kQ | Fullrange | 10 Re | © 

OMAR Common-mode Vo = 0,Vic = Vicnmin,| 25°C 90 110 90 110 dB ® 
rejection ratio Rg = 502 Fullrange | 85 85 ke = 

| Supply-voltage rejection 25°C 90 110 90 110 O 
ksvr PP Vop = 4.6Vto16V dB 
ratio (AVpp +/ AVio) Full range 85 85 
25°C 1 he 1 14 
| Supply current Vo = 2.5V, No load + mA 
R DD Pey 0 Full range | 1,5 15 


operating characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


Ramee 


TLC2201AM TLC2201BM 
TEST CONDITIONSt NIT 
i es MIN TYP MAX MIN TYP MAX a 
ee | 
Vo = 0.5Vto25V 
S 25°C 1.8 2.5 1.8 2.5 
sa. ee RL = 10kQ, | Vis 
Or ae Cy = 100 pF Full range mw 4% 
Vi Equivalent input noise f = 10Hz 25°C 18 35 18 25 AVF 
voltage (see Note 5) f = 1 kHz 25°C 8 15 8 12 
a a sk leh era gee AL Ste gh hs A eel 
y Peak-to-peak equivalent f = 0.1to 1 Hz 25°C 0.5 0.5 y 
NPP input noise voltage f = 0.1 to 10 Hz 25°C 0.7 | 0.7 bale 
In Equivalent input noise current 25°C 0.6 0.6 fA/VHz 
lf = 10 kHz, 
Gain-bandwidth product RE = 10 kQ, | 25°C 1.8 1.8 MHz 
Phase margin at unity gain Blt Ra 25°C 45° 45° 
m ase margin a yg CL = 100 pF 


TFull range is — 55°C to 125°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T, = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 


5. This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, 
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electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 
TLC22011 


TEST CONDITIONSt }—____———________|_ J NIT 
PARAMETER MIN. TYP MAX 
25°C 100 500 
| VIO Input offset voltage -— t uV 
: Full range 650 
Le hae = ; — 40°C to é 
| aYIO Temperature coefficient of input offset voltage 85°C 0.5 uV/°C | 
[ Input offset voltage long-term drift (see Note 4) | Vic = 9, Rs = 502 ae BSS -~ 0.005 | pV/mo 
| AE | . | A 
lo Input offset current Full range 150 p 
2 | Input bias current r a | A 
| 8 is : Full range | 150 | 
-5 
‘@) | VICR Common-mode input voltage range | Rg = 50 Full range to V 
ne} | - Ni | i ar Biisikey 
Oo é = | 25°C rh eee 
so, Vom + Maximum positive peak output voltage swing a SPR aakaae CPR e~ Renea—e Paies Nene d 
pe) Full range 4.7 
>- - — _— + Rp = 10kQ TS 
roy V Maximum negative peak output voltage swin | ee Se oe V 
5 OM - 9 P i ° ? Fullrange | -—4.7 
re) Vo = t4V, 25°C 400 560 
; Ry = 500 kQ, Fullrange | 250 
D> Avpv large-signal differential voltage amplification We oth ui 00 oer Vimv | 
Qi ss REE a 2 ee 
2 | RE = 10kQ Full range | 65 
ae Hee ee ‘Vo =0, Vic=Vicnmin,| 25° | 90 115 
=== € CMRR Common-mode rejection ratio 0 IC ICR dB 
= | Rs = 509 Full range 85 
@ oh eee 25°C 90 110 
“= KsyR Supply-voltage rejection ratio (AVpp + / AVio) Vop+ = £2.3Vtot8V + dB 
” : Full range 85 


| Ipp Supply current Vo = 0, No load 


PARAMETER TEST CONDITIONSt WN ae MAX UNIT 
: - | Vo = x 2.3 V, Ry = 10 kQ, 25°C 2 ZF 
SR Slew rate at unity gain | CG esteeor | — V/us 
} “Lt * P | Full range 1.4 
E SEs | eee 1 1 
| : 'f = 10Hz 25°C 18 | 
| Vn Equivalent input noise voltage rte Rez Paco 5 nV/VHz 
Baas Boars | f = 0.1 to1 Hz | 25°C . | EGiagenes| 
|Vnpp  Peak-to-peak equivalent input noise voltage 7 hails we ate ae 07 =p 
ia = = ws - + ——————— ——— 
he Equivalent input noise current e5°C | 0.6 fA/VHz 
| Gag /f = 10kHz, Ry = 10kQ, | 
Gain-bandwidth product 25°C -} 1.9 MHz 
| om Phase margin at unity gain RL = 10kQ, C, = 100pF) 25°C | 48° 


tFull range is — 40°C to 85°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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SR NN TTS ERNST SSE EN, REO SEES LA Se ENT RACED a PSR BA AS 
electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt Yn hye ee 
= __MIN TYP MAX MIN TYP MAX 
Vio Input offset voltage sai A ae Be eee 
Full range 350 350 
Temperature coefficient ~ 40°C to | | 
“VIO of input offset voltage 85°C si Pa sake 
Input offset voltage 
Vic = 0, Rs = 502 , , 
long-term drift (see Note 4)| » '© Ss 25°C 0.001 0.005 0.001 0.005 | 1V/mo 
25°C | 0.5 | 0.5 
| Input offset current - + 
lO . Full range ‘ft 150 150 | eo ? 
' 25°C 1 1 
| Input bias current Oy 
IB 2 Full range 150 150 ee 
Common-mode input iis ” 4 
Le ae AS Rs = 502 Full range to to V o 
2.7 27 = 
Maximum positive peak 25°C 47 = 48 4.7: 48 2. 
VOM + V 
output voltage swing Ri = 10kO Full range 4.7 4.7 be 
: Maximum negative peak sa 25°C -4.7 -49 | -47  -49 " = § 
OM output voltage swing .Full range — 4.7 -—47 bie, 
Vo = £4V, 25°C 400 560 400 560 S 
Large-signal differential Ry = 500 kQ Full range 250 250 fo) 
Avp re Ee SCORE ay 5 ARRAN ies Ce! Pra <a RECEP —— VimV ae 
voltage amplification Vo = +4V, 25°C 90 100 90 100 peat 
RL = 10k Fullrange | 65 65 © 
Common-mode Vo = 0, Vic = V min, a 
CMRR pmin . O IC ICR 25°C 90 115 90 115 ap 4 
rejection ratio Rs = 50 Full range 85 85 oO 
Supply-voltage rejection : HK See ae 
upply-voltage rejecti Vppe = £23Vto+8V 25°C 90 110 90 110 
ratio (AVpp + / AVi<) 7 Full range 85 85 
25°C 1.1 1.5 Ti 15 
| Supply current Va =' 0, No load 
DD sis 0 Full range 15 | 15 


operating characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


TLC2201Al 
MIN TYP MAX 


TLC2201Bi 
MIN TYP MAX | 


PARAMETER TEST CONDITIONSt 


Slew rate Vo = £2.3V, 25°C 2 2.7 2 2.7 
SR ‘cite : Ry = 10 kQ, —- $$$ fj V/us 
sebetiaie i i CL = 100 pF Full range 1.4 1.4 


nV/VHz 


" voltage (see Note 5) f = 1kHz 25°C a> 46 
y Peak-to-peak equivalent f = 0.1to 1 Hz T 25°C | 0.5 
NPP input noise voltage f = 0.110 10 Hz 25°C 0.7 
In 


Equivalent input noise current 25°C 0.6 
1 # = 10 kHz, 7 | 
Gain-bandwidth product Ry = 10 kQ, 25°C 1.9 
C, = 100 pF L 
om Phase margin at unity gain sf eptoutog 25°C 48° 
Cy = 100 pF das sual 


TFull range is — 40°C to 85°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tq = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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electrical characteristics at specified free-air temperature, Vpp = 


a 


5 V (unless otherwise noted) 


TLC22011 
PARAMETER TEST CONDITIONSt UNIT 
tye : MIN TYP MAX 
25°C 100 500 
V Input offset voltage T V 
lO ag nee Full range | 650 | © 
a — 40°C to 
avIO Temperature coefficient of input offset voltage 85°C 0.5 uVv/°C 
Input offset voltage long-term drift (see Note 4) | Vic = 0, Rg = 502 | 25°C | 0.001 0.005 | uV/mo | 
e5°Ge- =] 0.5 
lio Input offset current ie 7 pA 
E : | Full range | 150 | 
25°C 1 
| Input bias current mares Ee 
IB fii area Full range 150 | P 
— ——+- te —— 
0 
VicR | Common-mode input voltage range Rg = 50Q Full range | to V 
Bt ae | 
25°C 4.7 4.8 
V Maximum high-level output voltage Ry = 10kQ V 
OH ee ee ee e | L Full range | 4.7 
| 25°C 0 50 
V Maximum low-level output voltage = Se mV 
| OL 2 9 [ 0 Full range 50 | 
Vo = 1Vto4V, 25°C |. 150 315 
| RL = 500 kQ, Fullrange | 100 
A -signal diff ial vol lificat : ———__ 
VD Large-signal differential voltage amplification Vo = 1Vto4V, | 9506 5 55 | V/mV 
¢ RL = 10 kQ Full range | 15 | 
et Vo = 9, Vic = VicrR min, 25°C 90 110 ] 
CMRR Common-mode rejection ratio | ere B 
3 | Rg = 502 Fullrange ss 85 
r 7 T T 
25°C 90 110 
k Supply-voltage rejection ratio (AV / AV V = 46Vto16V dB 
SVR  Supply-voltage rej (AVpp +/ AVio) DD Full range | 85 
ya Oa 1 1.5 
| Supply current Vo = 2.5V, Noload mA 
DD Pe : ai rs | Full range | 1.5 


operating characteristics at specified free-air temperature, Vpp = 


re 


5 V (unless otherwise noted) 


> > 


TLC22011 
PARAMETER TEST CONDITIONSt NIT 
MIN TYP MAX v =) 
5 ee Feel a 
SR Slew rate at unity gain Pee hoe sib ri = V/ 
Ww m x — us 
Aydt Rs Gy = 100 PE eat range 1.2 
; f= 10Hz 25°C 18 | 
Vn Equivalent input noise voltage Be 1 kHz [25° C 3 nV/VHz 
[f= 0.1to1H Cc | 
VnNpp  Peak-to-peak equivalent input noise voltage f= 0.4 . 10 = - =: wV 
In Equivalent input noise current | 25°C 0.6 fA/VHz 
[f= 10kHz, Ry, = 10kQ, | 
| Gain-bandwidth product 6 towne k | 25°C 1.8 MHz 
%m Phase margin at unity gain | RL = 10kQ, Cy = 100pF|} 25°C 45° 


TFull range is — 40°C to 85°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 


to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt vee LS. eee + UNIT 
MIN TYP MAX MIN TYP MAX 
z T = a es : gee fe | emg 
° 
Vio Input offset voltage Bile 3 + es PE —— iS as uV 
e | Full range | Se ee 350 Seek 
Temperature coefficient | = 40°C to 05 | 0.5 ve at 
VIO of input offset voltage 85°C : 
Ta Input offset voltage | ; 
Vic = 0, Rs = 502 . ; ; 
long-term drift (see Note 4) IC s iad ig ee . a spp ss isis ee 
lio Input offset current + ssc +——— sa ee Ll See, pA 
| Full range | aie t 150 ew 
lip Input bias current = +——— pA 
Full range 150 150 
| cea | ” 
Common-mode input : ‘ = 
VICR Rs = 502 Full range to to V A 
voltage range 27 27 
areca Ps ay > _—$_—________—__ == 
g Maximum high-level 7. ane 25°C 47 48 47 "a8 “ 2. 
OH output voltage ah Full range 4.7 4:7 = 5 z 
Maximum low-level 25°C 0 50 0 50 og 
VOL lo = 0 + - + mV 
output voltage | Full range 50 50 so 
[Vo = 1Vto4V, 25°C 150 315 150 315 s 
- Large-signal differential Ry = 500 kQ Full range 100 [ 100 VimV © 
VD voltage amplification Vo = 1Vto4V, 25°C | 25 ‘55 25 55 ees ee 
Ru. = 10kQ Full range 15 oe | S 
Common-mode Vo = 0, Vic = Vicr min, ° 11 ® 
CMR ame : fe) IC ICR pee S| 80 0) 90 ~=110 dB o 
rejection ratio Rg = 502 Full range 85 | 85 4 ‘o) 
Supply-voltage rejection 25°C 90 110 90 110 
k Vop = 4.6Vto 16 V —— dB 
SVR ratio (AVpp +/ AVio) DD Full range | 85 : 85 eae 
pp 1 1.5 1 eee 
| Supply current Vo = 2.5V, No load + + A 
DD PPly O Full range 1.5 1.5 pees 


operating characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


z TLC2201AI TLC2201BI 
TEST CONDITIONSt ae | 
PARAMETER MIN TYP MAX MIN TYP MAX piace 
ee eee ee kre oD ge oT ee TO yg z. < 
Slew rate Vo = OS VtoeSV,) -  o50¢ 18 25 18 25 
SR : RL = 10 kQ, +--+ tess Vius 
“uae ae Cy. = 100 pF Full range 1% 1.2 
Equivalent input noise f = 10Hz 25°C 18 a 18 25 
Sipe P ; nvivAz 


voltage (see Note 5) 


Peak-to-peak equivalent f = 0.1 to1 Hz 0.5 y 
input noise voltage f = 0.1 to 10 Hz 25°C 0.7 0.7 4 
In Equivalent input noise current 25°C 0.6 0.6 _fANHz 
f = 10 kHz, 
Gain-bandwidth product RL = 10 kQ, 25°C 1.8 1.8 MHz 
C. = 100 pF | ei 
) Phase margin at unity gain Rae 25°C 45° 45° 
a 0 9 CL = 100 pF 


TFull range is — 40°C to 85°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


TLC2201C 
ARAMETER TEST CONDITIONSt UNIT 
r MIN TYP MAX 
25°C 100 500 
V It V 
iO Input offset voltage Pull range 600 rv 
0°C to 
ayiIQ ‘Temperature coefficient of input offset voltage 70°C 0.5 wV/°C 
[ Input offset voltage long-term drift (see Note 4) | Vic = 9, Rs = 502 | 25°C 0.001 0.005 | nV/mo 
| Input offset current mutt ue A 
lO Full range 100 P 
2 “iy ee 3 : 25°C 1 
| | A 
IB Input bias current : Full range 100 p | 
-5 
© Vick —_Common-mode input voltage range Rg = 502 Full range to V 
os f 2.7 
25°C 4.7 4. 
PS VomM+ Maximum positive peak output voltage swing ae A oe ee eee V 
Full range 4.7 
ee eee : | RE = 10kQ ee 
© V Maximum negative peak output voltage swing b Ne ee ee eine V 
= ae aie = Fullrange | -—4.7 iad 
Oe | Vo = + 4 V, 
| oat | RL = 500 kQ, Full range 
-si lif MART | SSK 1747 2A | 
> | Avp Large-signal differential voltage amplification "Vo = +4V, 25°C 90 100 V/mV 
3 | | RE = 10 kQ Fullrange | 70 
wae 2 ce moe Vo = 9, Vic = VicR min, 25°C op. 445 
= CMRR Common-mode rejection ratio Rg = 502 Full range 85 dB 
Saar | 25°C 90. 110 
PP; | ‘SVR ries: (Ris. mest ji (VoD t /AViCQ) =| Vpp+ = +2.3Vto+8V Full range _ dB | 
| 25°C ‘pd ieblocds Be 
IDD Supply current | Vo = 0, No load —— is 2 mA 
eis Full range 1.5 


operating characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted) 


| TLC2201C 
PARAMETER TEST CONDITIONSt /}——_—_———__~_____|_ UNIT 
| MIN TYP MAX 
3 I~ 

| Vo = £2.3V, Rp = 10kQ, 25°C 2 2.7 

| SR Slew rate at unity gain | 3 - 100 oF lL . —— —ot Ving 
| eae P Full range 1.5 

| ae a = Tf = 10Hz “| 25°C 18 | 

: 
| Vn Equivalent input noise voltage weer urr= "25°C - nV/VHz 
at eae EG /f = 0.1to1Hz 25°C 0.5 
-to- ivalent i _ ihe sh 34 pea ee To 
VNpp  Peak-to-peak equivalent input noise voltage AE Eee 25°C 07 wV 
In Equivalent input noise current pce Re 25°C 0.6 | fA/VHz 
| Gain-bandwidth product LAR FO aoe 1.9 MH 
in- ‘ 
| ‘i | Oy = 100 pF ae : 
| 9m _ Phase margin at unity gain __ | Ru = 10kQ, Cy = 100pF} 25°C 48° 


TFull range is 0°C to 70°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


Te = =< ares Sy esas s SR (mY I Sm Sr SFE BO ea (ear | 
PARAMETER TEST CONDITIONS* | Ne ol Fenn a 
MIN TYP MAX MIN TYP MAX ae 
aeG | 80 200 80 200 
Vio Input offset voltage = ee | os 
| Full range | 300 ie 300 
Temperature coefficient 0°C to 
“VIO of input offset voltage 70°C sa o3 BYES 
Input offset voltage = ap Rae | 
Vic = 0, Rs = 502 2 : : 
lang-tain drift (eon Note 4) IC S | 25°C 0.001 0 wise 0.001 0.005 | uV/mo 
lio Input offset current Bae Bae r et pA 
Full range 100 100 2 
eo ed F256 Ie aaa | 
lip Input bias current : an 2g —.- om 
| Full range | 100 | 100 | | 
Common-mode input cee re ra 
‘% | 
VICR vollage- ange Rs = 50 Full range to to V oO 
: | 6 ey 27 ha 
Maximum positive peak 25°C 4.7 4.8 4.7 4.8 2. 
VOM + ra5 | ¥ 
LL output voltage swing eee |Full range 4.7 4.7 | 
2 Maximum negative peak | / ~ 25°C | -47 -49 | $4749 i=. 4 
OM - output voltage swing _| Full range Bes, — 4.7 —— 
. + + —t 
Vo = +4V, 25°C | 400 560 [ 400 560 | = 
A Large-signal differential Ri = 500 kQ Fullrange | 300 | 300 | Wmv re) 
VD voltage amplification [Yo = +4V, 25°C 90- 100 | 90 100 ‘- 
Ri = 10ko Full range | 70 70 5 © 
Common-mode Vo = 0,Vic = Vicar min,| 25° 11 11 ® 
CMRR Dmin ) O IC ICR L 5°C | 90 5 | 90 2 : dB o 
rejection ratio Rs = 50 Full range 85 85 a o) 
ly-vol jection ° 
ne Supply voltage rejectio Vop + = £2.3Vto+8V 25°C 90 110 90 110 dB 
ratio (AVpp +/ AVio) Fullrange | 85 85 i ae 
| 25°C te 1.5 ce 1.5 
| Supply current Vo = 0, No load [ornare ete Sa A 
DD PP O Full range 1.5 1.5 | - 


operating characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted) 


TLC2201AC TLC2201BC 
TEST CONDITIONSt L | UNIT 
serous ges ae MIN TYP MAX MIN TYP MAX ~~. | 
: 25°C 2 2.7 2 aT 
SR ey Late ; Ri, = 10kq, | L —  Vius 
pee oh. Ci = 100 pF Full range tS 1.5 
Equivalent input noise f = 10Hz | 250 | 18-35 | 18 25 | 
“ T r | | nVNHz 
N voltage (see Note 5) f = 1kHz 25°C | 8 15 mae te meccias 5 
b ao - 3 1 ; 
Veep Base ag equivalent f= 0.1 to 1 Hz Peet | 0.5 0.5 en 
input noise voltage | f = 0.1 to 10 Hz 25°C | 0.7 oe 0.7 | 
FA Equivalent input noise current ee. arc | 0.6 0.6 fA/VHz 
f = 10 kHz, a | 
Gain-bandwidth product Ry = 10 kQ, 25:6 1.9 1.9 MHz 
Cy = 100 pF i wet # 
6 Phase margin at unity gain iota 25°C 48° 48° | 
m ase margin at unity g C= 100 pF I 


tFull range is 0°C to 70°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T, = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


a 


} | i ol Sane 
: TLC2201C 
PARAMETER | TEST CONDITIONSt UNIT 
eee ; | MIN TYP MAX 
| 25°C 100 500 
V Input off It + pV 
lO faethe | Full range | 600 | © | 
: , | 810 
avIO Temperature coefficient of input offset voltage 70°C | 1s uv/°C 
—- 
Input offset voltage long-term drift (see Note 4) Vic = 0, Rs = 50Q 25°C | 0.001 0.005 | hV/mo 
25°C 0.5 
| Input off t | t A 
lO ; eee iain | _ Full range | 100 | ° 
: 25°C 1 
| Input bi t eR <a ea. Se A 
2 oe. re nput bias curren 4 Full range | 100 P 
| : ws. 
‘@) VICR Common-mode input voltage range Rs = 502 Full range to V 
S . 2.7 
is) CSREES haar oes ae i; 25°C 4.7 4.8 
at V Maximum high-level output voltage | Ry = 10kQ b+ V 
Py) OH Pe ee P a L Fullrange | 4.7 
——— ee 
Sv Maximum low-level output voltage lo = 0 Er 2) Se eae ence ey 
= OL C 0 Full range 50 
Ge Vo = 1Vto4V, 25°C 150 315 
| RL = 500 kQ, Full range 100 
A -signal diff ial volt lifi ' 
> VD Large-signal differential voltage amplification Vo = 1Vto4V, oan eT 55 V/mV 
3 pe ata Speak elas Gren Se fe | RE = 10kQ Full range | 15 
ome te Vo = 9, Vic = VicR min, 25°C 90 110 
ul CMRR Common-mode rejection ratio B 
Sea =n | Rg = 502 ___| Fullrange | 85 : 
2 k Supply-voltage rejection ratio (AV / AVi<) V = 46Vto16V ee | i ms dB 
ree hn Cee ee DD tfo"lo ae Fullrange 85 
25°C 1 1.5 
| Supply current Vo = 2.5V, No load SEPT Tanna 
DD i e “I o Full range 1.5 iiss 


operating characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


PARAMETER | TEST CONDITIONSt TLCZ2016 arr 


MIN. TYP MAX 
Vo = 0.5Vto2.5V, 25°C 18 2.5 


SR Slew rate at unity gain V/us 
Bi TORRE SL a ROPE ui range 1.3 - 
; . f = 10 Hz 25°C 18 
Vn Equivalent input noise voltage rt = thie 35°C 3 nV/VHz 


| f = 0.1 to 1 Hz 25°C 0.5 
-t0- j j i | i 
Vnpp _Peak-to-peak equivalent input noise voltage Pasi tone 25°C 07 uV 


| 
In Equivalent input noise current 25°C on fA/VHz 
eens Se SS re Se ee a es ie | 


| f = 10kHz, Ry, = 10kQ, 
| Gain-bandwidth product CL = 100 pF | 


| 9m Phase margin at unity gain RL = 10k, Cy = 100 pF 25°C 45° 


25°C 1.8 MHz 


TFull range is 0°C to 70°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt eee T Li ates UNIT 
MIN TYP MAX | MIN TYP MAX | 
Input offset voltage ke pe eee Seige uV 
Full range 300 y 300 
Temperature coefficient ° 
Si e hua 0.5 0.5 uVv/eC 
of input offset voltage | = 70°@ | Serre: 
Input offset voltage . 4 
Vics =. 0; Re = 500 : ’ : : ; 
long-term drift (see Note 4) IC S 25°C 0.001 0.005 0.001 0.005 | nV/mo 
lio Input offset current see = a + pA 
Full range 100 100 | 2 
ee a Na LS Oe — +t + — — = — 
25°C 1 1 

| Input bias current ices Soa RR = ; A 

IB P Full range 100 100 js 
Common-mode input P ak . Se vs 

VOR sae Rg = 500 Full range to to V o 

2.7 2.7 “he = 
high-level ¥ : ' 

Von Maximum high-leve R= 10kQ 25°C rt ae = | ee ee, eee oe. 
output voltage Full range 4.7 4.7 a i 
Maximum low-level 25°C 0 50 0 50 q 

VOL 12 i =r mV 
output voltage Full range Sees... SEES Go ttee ieee 0's ee 

Vo = 1Vto4V, 26°C | 150 315 _ 150 315 = 

A Large-signal differential R_ = 500 kQ Full range 100 |_100 a Cae (o) 
vO voltage amplification Vo = 1Vto4V, ao | 28 55 PS a ae ‘- 
RL_= 10k2 Gules | ig ie ee 

Common-mode Vo = 0, Vic = Vicrmin,| 25° 11 ® 

cn oe O PCR re mie BO A, a aS ae mee o. 

rejection ratio Rg = 502 Full range 85 ‘Seeiies pity Ae aey eT Le. +) aa Oo 
ly-voltage rejection P 
Supeyy voltage rejecti Vpp = 4.6 Vto 16 V | 26°C 90 110 Bp Nabe. Saas 3s! ea dB 
ratio (AVpp + / AVio) PINE St ee ne 85 Bernat Byes: 
25°C 1 1:5 1 1.5 
upply current Vo = 2.5V, No load [a a ae . = 
mp. <Seee O Full range 15 THRs 


operating characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


tFull range is 0°C to 70°C. 


TLC2201AC TLC2201BC 
Piste ch cae FEST. COND RIONE MIN TYP MAX | MIN TYP MAX. aie 
ga Slewrate: ne ‘ pas shed Oe 18° 25 18 25 ihe 
wright CL = 100 pF Full range 133 1.3 
Equivalent input noise f = 10 Hz 25°C 18 35 18 25 
voltage (see Note 5) f 15 Sacte nviNHz 
Peak-to-peak equivalent f = 0.1 to 1 Hz 0.5 0.5 
input noise voltage f = 0.1 to 10 Hz 25°C 0.7 0.7 e 1 
In Equivalent input noise current 25°C 0.6 Bes 0.6 fA/VHz 
f = 10 kHz, 
Gain-bandwidth product Ri = 10 kQ, 25°C 1.8 1.8 MHz 
Cy = 100 pF pe 
ak RL = 10kQ, ; : ’ ae 
?m Phase margin at unity gain C= 100 pF 25°C 45 45 


NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 

5. This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, 

please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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PARAMETER MEASUREMENT INFORMATION 


10 kQ 
10 kQ V| 
Vo 
eS Vpp - 
Vo CL Ri 
(see 
Vpp - Note A) 


1002 1002 1 ae 


2 


= > NOTE A: Cy includes fixture capacitance. 


2 FIGURE 1. NOISE VOLTAGE TEST CIRCUIT FIGURE 2. PHASE MARGIN TEST CIRCUIT 
© 
= 
Q 
o. 
S 
V 
2. V| z 
Vpp - 
z CL Re 
sof (see Note A) 
= = 
is) 
rm NOTE A: C, includes fixture capacitance. = = 
FIGURE 3. SLEW RATE TEST CIRCUIT FIGURE 4. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 


typical values 


Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 


input bias and offset current 


At the picoamp bias current level typical of the TLC2201, TLC2201A, and TLC2201B, accurate measurement 
of the bias current becomes difficult. Not only does this measurement require a picoammeter, but test socket 
leakages can easily exceed the actual device bias currents. To measure these small currents, Texas 
Instruments uses a two-step process. The socket leakage is measured using picoammeters with bias voltages 
applied but with no device in the socket. The device is then inserted in the socket and a second test measuring 
both the socket leakage and the device input bias current is performed. The two measurements are then 
subtracted algebraically to determine the bias current of the device. 


noise 


Texas Instruments offers automated production noise testing to meet individual applications requirements. 
Noise voltage at f = 10 Hz and f= 1 kHz is 100% tested on every TLC2201B device, while lot sample testing 
is performed on the TLC2201A. For other noise test requirements, please contact the factory. 
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TYPICAL CHARACTERISTICS 


table of graphs 
Was oe eS BOAT Oe Tage a _ FIGURE _ 
Vio Input offset voltage _ 2 Distribution —__ eS | Bhs 
vs Common-mode voltage 6 
lip Input bias current 
Pe aes SSRs (AES Tae) Tee : | _vs__ Temperature : seh Pass)” 
CMRR Common-mode rejection ratio | _vs Frequency _ Se a Bees 
Vom Maximum peak output voltage Wee eases 7 
: | vs _ Temperature : 10 ptr 
VOPP_ Maximum peak-to-peak output voltage ___ VS _ Frequency | a pea y= 2 
| vS Frequency 12 
VOH High-level output voltage vs Current ‘3 | 
Pee tas eae |_vs_ Temperature _ 2 ethe, | ae Sees ob 
VOL Low-level output voltage suena Go is oe 
vs Temperature 16 Pee 
Fes, vs Frequency 17 ‘ok 
Ayvp Differential voltage amplification | vs Temperature | ee ask S 
5 a vs Supply voltage 19 
los Short-circuit output current ‘| vs Temperature <i ay 7s 
top Supply current vs Supply voltage | 21 s 
i y SSerees vs Temperature as OOE = eet re © 
be dati. vs Supply voltage | 23 > 
3 mene VS Temperature 25. nee gy | et So 2 eee 
| | Small-signal | 25, 26 o 
RnR aeRO a ee th : is ___Large-signal _ 4 - 2h; eo. + mee) c. 
Vos Peak-to-peak equivalent input noise | 0.1 to 1 Hz | 29 | O 
mn: Ta toi ate Seis cet E 0.1to10HZ Bee Se Ay 
Gain-bandwidth product SR Se | sd 
z i = __vs Temperature eae 32 
| vs Supply voltage | 33 
om Phase margin ; ; 4 vg Temperature _ : | 34 = 
Phase shift ne) 2) _vs__ Frequency Pearse, | ; 17 
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Percentage of Units — % 


jp — Input Bias Current — pA 


TYPICAL CHARACTERISTICSt 


DISTRIBUTION OF TLC2201 
INPUT OFFSET VOLTAGE 


408 Units tested from 2 wafer lots 


— 100 100 300 500 


— Input Offset Voltage — nV 
FIGURE 5 


— 300 
Vio 


0 
— 500 


INPUT BIAS CURRENT 
VS 
FREE-AIR TEMPERATURE 


0 
25 45 65 85 105 125 
Ta — Free-Air Temperature — °C 
FIGURE 7 


lig — Input Bias Current — pA 


CMRR — Common-Mode Rejection Ratio — dB 


- 10 


INPUT BIAS CURRENT 
VS 
COMMON-MODE INPUT VOLTAGE 


voos= ev | | | | | | 


10 


8 


Ta = 25°C 


gone 

iis mae aoe 
Ee] eae ed 
festa. | foil I 
Bs ite ee 
aaa ee Bees ead ae 


-5 -4 -3 -2 -1 
Vic - Common- aa oe ee - 


FIGURE 6 


COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


10 k 
f — Frequency — Hz 


FIGURE 8 


100 k 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS? 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
OUTPUT CURRENT FREE-AIR TEMPERATURE 
6 
: og egies a 
Pane 
5 : * 
; 2 
x 
0 
: ; ” 
E E 2 
P| 3 
E E -2 —_ 
3 E rot 
Na ! & 
g a : 
= > — 
s] 
-6 
-75 -50 -25 0 25 50 75 100 125 a) 
|lq| - Output Current - mA T, — Free-Air Temperature — °C pa 
FIGURE 9 FIGURE 10 rT 
a. 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE @) 
vs vs 
FREQUENCY FREQUENCY 


CT tt 


a Na 


Vpp = 5V 
Ry = 10kQ 


Ul 


Vou — High-Level Output Voltage — V 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


10k 100 k 1M 10k 100 k ” 
f — Frequency — Hz f — Frequency — Hz 
FIGURE 11 FIGURE 12 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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CISION 


Vpp 
> Yop 
| 
® 
8 Vpp 
2 
+s VYpp 
& 

P| 

© Vpp 

o 

> 

dy 

« "DD 

a 

Pi 

| Vpp 

ae 

re) 

> Vop 
Vpp 


Voi — Low-Level Output Voltage — V 


TYPICAL CHARACTERISTICSt 


HIGH-LEVEL OUTPUT VOLTAGE 
VS 
HIGH-LEVEL OUTPUT CURRENT 


Loz) 


I 
© 


| 
par 
i) 


I 
= 
Le) 


1 
ask 
> 


lou — High-Level Output Current —-mA 
FIGURE 13 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
LOW-LEVEL OUTPUT CURRENT 


0 2 4 6 8 10 


lo. — Low-Level Output Current -mA 
FIGURE 15 


Von — High-Level Output Voltage — V 


Voi — Low-Level Output Voltage — V 


HIGH-LEVEL OUTPUT VOLTAGE 
VS 
’ FREE-AIR TEMPERATURE 


Vpp = 5V 
Ri = 10kQ 
CSRS Te tees 2 ERS GLI hh] ED CSS BAe Pe, 


0 i 
-75 -50 -25 0 2 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 14 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
FREE-AIR TEMPERATURE 


0 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 16 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT AMPLIFICATION 
VS VS 
FREQUENCY FREE-AIR TEMPERATURE 


130 


co co 
E S 120 
NN  , o e 
° FS @ Vpp = 5V, Ri = 500k bed ok ee wn 
p SL om SNOT 
ce) » © o V = +5 V, Ry = 10kQ 9 wo 
. > c a 100 | Poon += L —— 
§ § > 3 
o = 
= = Vv = 5V,R 
a a 90 DD L gf 
a =) — 
= 2 © 
80 2) 
10 100 1k 10 k 100 k 1M -75 -50 -25 0 25. 50 75 100 125 a3 
f — Frequency — Hz Ta — Free-Air Temperature — °C © 
® 
FIGURE 17 FIGURE 18 2. 
e) 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS Vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vo = 0 
Ta = 25°C 


los — Short-Circuit Output Current —-mA 
los — Short-Circuit Output Current -mA 


0 1 2 3 4 5 6 7 8 -75 -50 -25 0 a~ 60 75 100 125 
\Vpp +|- Supply Voltage - V Ta — Free-Air Temperature — °C 
FIGURE 19 FIGURE 20 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 


: : 
| | 
é : 
a = 
a. a 
> 2 : 
= s J 
a if i 
‘e) 
-_ 
® 
4 Mae, Cater works Sate ey Bee oa fr aaa 
rae lVpp|- Supply Voltage - V 
= FIGURE 21 
@ 
~” SLEW RATE 
vs 
SUPPLY VOLTAGE 
= 100 pF 
= 25°C 
2 2 
> > 
| | 
2 2 
c c 
5 A 
: é 
ec oc 
” ” 


0 1 2 3 - 5 6 7 8 
\Vpp +|— Supply Voltage — V 


FIGURE 23 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 


Vo = Vpp +/2 
No Load 


-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 22 


SLEW RATE 
VS 
FREE-AIR TEMPERATURE 


0 
-75 -50 -25 0 2 S50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 24 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 


iigea Gea rue 
La eae 


Js! Miah 
Hien Ee Gs 
(a imkdimamememen! 


t- Time - us 


FIGURE 25 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


Cy = 100 pF 


COREE EAE 
Se eee Blsg 
26 Gueme wine 


0. 5--10 15 =20 25 3-35 40 
t-— Time — us 


FIGURE 27 
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Vo — Output Voltage — mV 


Vo — Output Voltage — V 


i 


VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 


Be a PORE 
pe Te le 
HOURS ARMS 
PRBETA RE RRER IE AAS 


2+ 32% 4 
t-— Time —- Ls 


FIGURE 26 
VOLTAGE-FOLLOWER 


LARGE-SIGNAL 
PULSE RESPONSE 


OO 6.2170 -5 2 28 DiS: 4 
t-— Time —-us 


_ FIGURE 28 


Operational Amplifiers ~ 


2-785 


POST OFFICE BOX 655012 » DALLAS, TEXAS 75265 


siolpyjduiy jeuoineisdg Ae 


2-786 


Vnpp — Peak-to-Peak Input Noise Voltage — nV 


Gain-Bandwidth Product — MHz 


TL€2201, TLC2201A, TLC2201B 
Advanced LinCMOS™ LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


PEAK-TO-PEAK EQUIVALENT 
INPUT NOISE VOLTAGE 
0.1TO1 Hz 


0.75 


t-Time-s 


FIGURE 29 
GAIN-BANDWIDTH PRODUCT 


VS 
SUPPLY VOLTAGE 


\Vpp +|—- Supply Voltage — V 
FIGURE 31 


Vnpp — Peak-to-Peak Input Noise Voltage — nV 


Gain-Bandwidth Product — MHz 


PEAK-TO-PEAK EQUIVALENT 
INPUT NOISE VOLTAGE 
0.1 TO 10 Hz 


eae tf} 

ai  Aeieele ae | 
PAmue ae! vee. 
A 
aL Atalay aa VW 
7 ha il 
unl ee 


9 ea 28S 6 ee oe Be 
t-—Time-s 


FIGURE 30 
GAIN-BANDWIDTH PRODUCT 


VS 
FREE-AIR TEMPERATURE 


Rp = 10kQ 
Cy = 100 pF 


1 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 32 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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PHASE MARGIN PHASE MARGIN 
Vs VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
” ” 
o o 
i i 
= c= 
Sy) © 
$ = W 
g 3 2 
E E = 
Q. 
€ € = 
Ru = 10 kQ . 
CL = 100 pF © 
40 o 
-75 -50 -25 0 23 - S.. %. 300 13 © 
\Vpp +|— Supply Voltage - V T, — Free-Air Temperature — °C * 
FIGURE 33 FIGURE 34 © 
o. 
tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. © 


TYPICAL APPLICATION DATA 


latchup avoidance 


Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC2201, 
TLC2201A, and TLC2201B inputs and outputs are designed to withstand —100-mA surge currents without 
sustaining latchup; however, techniques reducing the chance of latchup should be used whenever possible. 
Internal protection diodes should not be forward biased in normal operation. Applied input and output voltages 
should not exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive 
coupling on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 uF 
typical) located across the supply rails as close to the device as possible. 


electrostatic discharge protection 


These devices use internal ESD protection circuits that prevent functional failures at voltages at or below 
2000 V. Care should be exercised in handling these devices as exposure to ESD may result in degradation 
of the device parametric performance. 
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D3157, SEPTEMBER 1988 


D008, JG, or P PACKAGE 


Extremely Low Offset Voltage ... 1 1.V Max 
(TOP VIEW) 


@ Extremely Low Change in Offset Voltage with 
Temperature ... 0.003 1. V/°C Typ 


® Low Input Offset Current ... 500 pA Max 
at Ta = —55°C to 125°C 


@ AVD ... 135 dB Min 
D014, J, or N PACKAGE 
@ CMRRandkSVR ... 120dB Min nae ae 
®@ Single-Supply Operation Cye (1 Lat iniext 
® Common-Mode Input Voltage Range Includes CXA L]2 13] ] CLK IN 
the Negative Rail NC |j3 121. | CLK OUT 
IN-[J4 110] Vpp4 
® No Noise Degradation with External IN+ [15 101] OUT 


Capacitors Connected to Vpp_— Nc [6 of] CLAMP 


Vpp - 8] ] C RETURN 
description OP 
The TLC2652 and TLC2652A are high-precision FK PACKAGE 
chopper-stabilized operational amplifiers (TOP VIEW) 


using Texas Instruments Advanced LinCMOS™ 
process. This process in conjunction with unique | 
chopper-stabilization circuitry produces 
operational amplifiers whose performance 
matches or exceeds that of similar devices 


available today. Nc [14 18[] CLK OUT 
NC ||5 17{] NC 
L PACKAGE iIn— [le 16f] Vop « 
(TOP VIEW) Nc {]7 15[] NC 
IN+]]8 14[] OUT 
9 
et ces | oes | ae 
oO J7 2.2 
a o2 2S 
Q = < 
a 
or 
oO 
Pin 4 of the L package is in electrical contact with the case. _ NC — No internal connection 


AVAILABLE OPTIONS 


Ta |Vio max PLASTIC | CERAMIC CERAMIC 
at 25°C DIP DIP DIP CARRIER 
(P) (JG) (L) (J) (FK) 


ibe | sw |nemszcen [esaer | exec (nase. |r (rossaen (nesses | 
7o°c | 3pV_ | TLC2652C-8D | TLC2652CP | TLC2652CJG | TLC2652CL | TLC2652C-14D {TLC2652CN | TLC2652CJ 
fab | ant |nemsaen [nose | nese [res [russ naan [ners | 
g5°C | 3uV_ | TLC26521-8D |TLC2652IP | TLC26521JG TLC2652IL TLC2652!-14D | TLC2652iN TLC26521J 
125°C | 3uV_ | TLC2652M-8D | TLC2652MP | TLC2652MJG | TLC2652ML | TLC2652M-14D | TLC2652MN | TLC2652MJ | TLC2652MFK 


D008 and D014 packages are available taped and reeled. Add “R” suffix to device type when ordering (e.g., TLC2652AC-8DR). 
Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information Copyright © 1988, Texas Instruments Incorporated 
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description (continued) 


Chopper stabilization techniques make possible extremely high dc precision by continuously nulling input 
offset voltage even during variations in temperature, time, common-mode voltage, and power supply voltage. 
In addition, low-frequency noise voltage is significantly reduced. This high precision, coupled with the 
extremely high input impedance of the CMOS input stage, makes the TLC2652 and TLC2652A an ideal choice 
for low-level signal processing applications such as strain gauges, thermocouples, and other transducer 
amplifiers. (For applications that require extremely low noise and higher usable bandwidth, use the TLC2654 
or TLC2654A device, which has a chopping frequency of 10 kHz.) 


The TLC2652 and TLC2652A input common-mode range includes the negative rail, thereby providing superior 
performance in either single-supply or split-supply applications, even at power supply voltage levels as low as 
+1.9 V. 


Two external capacitors are required for operation of the device; however, the on-chip chopper control circuitry 
is transparent to the user. On devices in the 14-pin and 20-pin packages, the control circuitry is made 
accessible to allow the user the option of controlling the clock frequency with an external frequency source. 
In addition, the clock threshold level of the TLC2652 and TLC2652A require no level shifting when used in the 
single-supply configuration with a normal CMOS or TTL clock input. 


Innovative circuit techniques are used on the TLC2652 and TLC2652A to allow exceptionally fast overload 
recovery time. If desired, an output clamp pin is available to reduce the recovery time even further. 


The device inputs and output are designed to withstand -100-mA surge currents without sustaining latchup. 
Additionally, the TLC2652 and TLC2652A incorporate internal ESD protection circuits that prevent functional 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be 
exercised in handling these devices as exposure to ESD may result in degradation of the device parametric 
performance. 


suaiyduiy jeuonjess0dg HN) 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C to 
125°C. The |-suffix devices are characterized for operation from —40°C to 85°C. The C-suffix devices are 
characterized for operation from O0°C to 70°C. 


functional block diagram DISTRIBUTION OF TLC2652 
INPUT OFFSET VOLTAGE 


VDD + 36 


CLAMP 


OUT 


Percentage of Units —-% 


-3 -2 -1 0 1 2 3 
Vio — Input Offset Voltage — .V 


Vpp - 


2-790 TEXAS 43 


INSTRUMENTS 


POST OFFICE BOX 655012 » DALLAS, TEXAS 75265 


TLO2652, TLC2652A 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply Vonage: Vine)... (See NOt Tyo ko .. Os Sawairiges eoee ce oe ale. ce ss TRA S Ga e es 8 V 
a ife Bc hol As dala Rae fo As 12 |e | ela a eae ei eee ar EN eg oy fe Enon ere See -8V 
EOFIeg Ga tiseat st anit eek SIE TOC eS a yas ae saws bee wale Mk RAMS SRERNT ESR; +16 V 
Input voltage range, V) (any input, see Note 1)....... SO are GAPE Ser) amore ee Sener See Breese +8 V 
Voltage on-CLKK IN and. INT/EXT. pins... i. So aro de cca eet ee eae. Vpp — to Vpp — +5.2 V 
sees Serle SRR 8 5,11} oR ans i © hae ence Ere ie eee ar Pero Means Seer as GE ead +5 mA 
OURS URC Ih rss urite tebe & itt ews hs PRES AA aN eee elf kuck'y + so ce +50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)............. 000 e eee eee Unlimited 
Gurrent inc Chic in eurct NT ee eile oc, s conan ends 5s oeenko ane +5 mA 
COVTUOUS. IO CRIN Sc Goan 5s a age ek ta os Sal Wee ws sche be as See Dissipation Rating Table 2 
Operatingtrée-alr temperature, Ta: MSU st ee ee ce cee boa stir —55°C to 125°C 
Ee eg acto eos sta wo Gl edt bcains, A —40°C to 85°C 
RAMEN si res SOs yd be da ee EH « oe 0°C to 70°C 
SHOIGUS 1GMMEIMULNO Tanne. viiee eo tie ee eh ae ws a poe Poe e es Pe Pht oe oe gee —65°C to 150°C 
Case temperadite 10°50 Seconcs: Fi DB CK Ae io Sooo a esa a ed pknesew 0 we A nina eae 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or P package............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J, JG, or L package ........... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vpp , and Vpp ~_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 
maximum dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR T,g=70°C Tp = 85°C Tp = 125°C 
POWER RATING ABOVE T,=25°C POWERRATING POWER RATING POWER RATING 


5.8 mW/°C 
7.6 mW/°C 
11 mW/°C 
11 mW/°C 
8.4 mW/°C 
5.2 mW/°C 
12.6 mW/°C 
8.0 mW/°C 


” 

Bass 

A 

— 

a 

& 

=f 

S 

2 

Speed 

© 

har 

® 

PACKAGE o. 
@) 


UNIT 
Sas 


Common-mode 
Von — V -1.9 Von _ V —1.9 Von — V -1.9 V 
input voltage, Vic DD DD + DD DD + DD DD + au 


Clock Input voltage Vpop - Vpp —+5 Vpp - VD VppD - 


D- VDD - 
Operating free-air _55 125 ~ 40 70 
temperature, Ta 
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TL€2652M, TLC2652AM 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


TLC2652AM TLC2652M 
TEST NDITIONSt [eae | 
PARAMETER ST CO ONS TYP wax MIN TYP M mx UNIT 
inch otthes wth 
Temperature coefficient 
of input offset voltage 


Full range FE es GR RTS 
— 55°C to 
eed 0.003 0.03 0.003 0.03 | ww°c 
pt Sie ones Vic = 0;Reie 600 25°C 0.003 0.02 0.003 0,06 | uv/ 
long-term drift (see Note 4) fe eae LV /mo 
——o 


lip Input bias current 


iia a 


- . 
= 5002 Full range 
pi Blip 1 


= 10'k, See Note 5 


Common-mode input 


V 
ICR voltage range 


Maximum positive peak 


V 

OM + output voltage swing pas 
7 Maximum negative peak Ta cc 
OM output voltage swing | SL OKO Full range 


Large-signal differentia hie 
vottage amplification gna sey fa ee 
Internal chopping s 
ee 
Clamp on-state current = 100 ka SES eran 2c ca ceeeeteeee gpa 
TU A AR A PE 
io ARRAS She oT 
Clamp off-state current Vo=-4viesv | ee 
TCT a GS): RN te 
cman common-mode cg a WL MOT 
rejection ratio = 50.9 LT EL ae 


Supply-voltage rejection 05 £1.49 Wiod6Y, | “25°C 244205... 136. MolGsaBOo 136 

ratio (AV 00 #/4Vi0) -0,Ag = 509 | Fulenge | 10S eo 

Supply current Vo = 0, No load ae ee BS mA 
imo ee ae 


TFull range is — 55°C to 125°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. Output clamp is not connected. 
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TL€2652M, TLO2652AM 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
| OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt pee Leases UNIT 
MIN TYP MAX MIN TYP MAX 


Posie SW Tl a 

SA atuniy ga oS irae von 
Ngaio ww Ta Bis aa 23.3 2381 

SR - Me hea: CL = 100 pF : ; : Viks 
at nity Ga Ful ang 
Se a: 250 a 

Vr q p z | ere WATE 
“shade We 
ST ac eS a ee eS ae 

Soe peak eq Se WV 
fer ee ea [= 010 10 He 

e Equivalent input noise current f = 1 kHz 0.004 0.004 pA/VHz 


f = 10 kHz, 
Gain-bandwidth product Re = 10 kQ, 25°C 1.9 1.9 MHz 
CL = 100 pF 


) Phase margin at unity gain AL a Teh 25°C 48° 48° 
a i CL = 100 pF 


TFull range is — 55°C to 125°C. 
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TL€26521, TLC2652Al 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


TLC2652Al TLC2652I 
PARAMETER TEST CONDITIONSt wre garry 
aev  -inputetiesevohion ee Ce SS See laa a 
| Fulrange | —sC—Ci SCC 
ge 
Temperature coefficient — 40°C to 
003 0.03 0.003 0.03 | uVv/° 
“VIO _of input offset voltage ee | 2008 003 | 0.008. 009 |uvre 
Input offset voltage 
0,Rs = 502 25° 0.003 0.02 0.003 0.06 | uV/mo 
long-term drift (see Note 4) 2 |e | toes ace] 0008 0.06 |nvimo 
eC | 2 eee 
lio Input offset current eee pA 
2 ' peiiiercinen CE Se ES Bike ESS aI aS 
epee te aw) els 
Oo Common-mode input a 
no} VICR . Rs = 502 Full range to V 
oO voltage range 31 
4 
Maximum positive peak 474 
. id= aximum positive pea Ri = 10 kQ, See Note 5 8 8 _ 
= output voltage swing Full range 
i ive peak 
= eee Maximum negative pea R, = 10 kM, See Note 5 47“ <&8 4.7 =-49 % 
® output voltage swing Full range 
x Large-signal differential | uy _ doKo 135° 150 120 150 
= YD _votage ampiticaion | YO = *4¥' FL - Full range 
Internal chopping 
f 25° 450 H 
TS ch frequency oY e 
= city Ge Ruka Oe Lee ee 
a Clamp on-state current Ri = 100 kQ LA 
® Fle | ee ee 
: ig ae 
‘ ee Se ie 
cMRR  Common-mode Vo = 0,Vic = Vicnmin,} 25°C | 120 140 120 140 
rejection ratio Rg = 502 Fullrange | 120 a Sa 
Supply-voltage rejection | Vpp+ = +1.9Vto+8V, 120: 135 120 135 
ratio (AVpp +/ Vio) _| Vo = 0,Rg = 502 _| Fullrange 
25°C 
IDp Supply current Vo = 0, No load ak mA 
ples a ee ee 


TFull range is — 40°C to 85°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. Output clamp is not connected. 
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TLC2652I, TLC2652Al 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
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operating characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt Hit TLC2652I 
MIN TYP MAX | MIN TYP MAX 


pepe 
Negative slew rate Ramen ts 3.34 
SR - BG; C, = 100 pF 
) 
3 Equivalent input noise f = 10Hz 
‘ voltage (see Note 6) 23-35 
. Peak-to-peak equivalent iS oe er ae 
NPP __input noise voltage [f= Oto10Hz | 2c [| 28 
0.004 
f = 10 khz, 


Gain-bandwidth product Ri = 10 kQ, 
C_ = 100 pF 


=p 

NJ] Go 
5, ae) 
(os) 


nN 

a 

° 
Ee 

—s 

Ce) 

oo 


?m Phase margin at unity gain 


3 es 
oll oe 
Hou 
—_ at 
oo 
Ox 
oO 
3 5 
no 
un 
° 
H 
> 
& 
° 
bp 
oo 
oO 


tFull range is — 40°C to 85°C. 
NOTE 6: This parameter is tested on a sample basis for the TLC2652A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TLO2652C, TLC2652AC 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt sa ES Mechel ees UNIT 


: Soe cme NT A Mk ak 
Peulrange |. 4, 5 ees] eae | 
Temperature coefficient 


0°C to ‘ 
of input offset voltage 0.003 0.03 0.003 0.03 | pVv/°C 
Input offset voltage 
Vic = 0, = 509 ° 
long-term drift (see Note 4) aD cei 5 apis padre 


gee 2) aor g pee egret 
Fullrange [SCOOT SSC 
iS A SUA BGI GAA 
eee ee 


m SRE Ee” a ay 
aximum positive pea tO ten Nate 4.7 4.7 
output voltage swing Ful range 
oan Maximum nepalve PERK | =~ so un Soonoies 
output voltage swing Ful range 


VIO Input offset voltage 


avio 


Input offset current 


Input bias current 


Common-mode input 
voltage range 


VICR 


sidipjduy jeuonesodg a 


Large-signal differential A LB 
Avp Re Vo = +4V, Ri = 10kQ 
voltage amplification Full range ame ee 120 
Internal choppin 
equency 
Clamp on-state current R_ = 100 kQ lh 
a = Ll. 
inal ee 
eof ae 
Clamp off-state current pos=eveey ri pA 
Full range ee oa 
Common-mode =OVic=Vionmin| 25°C | 120 140 | 120 140 
rection ratio = 500 ae | wo. ie 
Supply-voltage rejection 7 = +1.9Vto+8V, 120. 135 120. 135 
ratio (AVpp+/AViq) | Vo = 0,Rg = 509 | Fullrange 


ig ee: apne TURES RRS SS Canin eT 
eg ee 


tFull range is 0°C to 70°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. Output clamp is not connected. 
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TLO2652C, TLC2652AC 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


TLC2652AC TLC2652C 
TEST CONDITIONSt aa 

Positive slew rate 

at unity gain 


i erin as 
A A OS. ee nl 


Negative slew rate 25°C 

aa gati peer Vis 
at unity gain Full range 
Equivalent input noise f = 10H 25°C 94 140 

sae p Bos op Oe] Ree 
voltage (see Note 6) fata eee | ee 
Peak-to-peak equivalent 2 ie a2 a Se ar See 
input noise voltage = Oto 10 Hz Rs Oe Ee Se 


in Eauivalent input roise current 0,004 


Ph n at unity gain ne 25°C 
ase margin at unity g = 100 pF 


tFull range is 0°C to 70°C. 
NOTE 6: This parameter is tested on a sample basis for the TLC2652A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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TLCO2652, TLC2652A 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


table of graphs ; 


Vio Normalized Input offset voltage vs Chopping frequency 


vs Common-mode 

input voltage 
vs Chopping frequency 
vs Temperature 


vs Chopping frequenc 
lio Input offset current pping freq y 
vs Temperature 


Clamp current vs Output voltage 


2 
3 
4 
J Maximum peak-to-peak output vs Frequenc 
OPP voltage swing ’ : 
3 
4 
15 


lip Input bias current 


2 


V Maximum peak output voltage vs Output current 9,10 
OM swing vs Temperature 11,12 
Sie vs Frequency 1 
Diff tial volt mplification 
vs Supply voltage 
f Chopping f 


16 
vs Supply voltage 17 

| Supply current 
a ee 18 
1 
2 


vs Supply voltage 9 
los Short-circuit output current * Bi Ai 0 
vs Supply voltage 21 
SR Slew rate Pey 9 
vs Temperature 22 
Small-signal 23 
Pulse response Large-siinial 34 
Peak-to-peak equivalent input 
V vs Chopping frequenc 25, 26 
NPP noise voltage eee ” 
8 
9 
0 
2 


siaipyduiy jeuoiessdg 


Va Eauivalent input noise voltage 


vs Supply voltage 2 
Gain-bandwidth product i a 
vs Temperature 2 


vs Supply voltage 3 
31 
3 


%m Phase margin vs Temperature 


vs Load capacitance 


Phase shit 
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TLO2652, TLC2652A 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
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TYPICAL CHARACTERISTICSt 


NORMALIZED INPUT OFFSET VOLTAGE INPUT BIAS CURRENT 
Vs VS 
CHOPPING FREQUENCY COMMON-MODE INPUT VOLTAGE 
> 
=. 
© 
g 4 
S$ Bs 
3 2 
6 8 
2 8 ” 
£ ra) hha 
2 F Ps 
N e = 
E rt 
co 
; Zi = 
° < 
> hae 
4°) 
0 
100 10k 100 k -5 -4 -3 -2 -1 0 1 2. Sara S§ (o) 
foh - Se ie Frequency — Hz Vic -— Common-Mode Input Voltage — V = 
FIGURE 1 FIGURE 2 ® 
©. 
INPUT BIAS CURRENT INPUT BIAS CURRENT oO 
VS vs 
CHOPPING FREQUENCY FREE-AIR TEMPERATURE 


Vpp + = +5V 
Vo = 0 


SMI 
CUTIE UML AT 
HH al 
aa 
Se 
messi 0H 


lp — Input Bias Current — pA 
lip — Input Bias Current — pA 


100 10k 100 k 25 45 65 85 105 125 
feh - acti Frequency — Hz Ta — Free-Air Temperature — °C 
FIGURE 3 FIGURE 4 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO2652, TLC2652A 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
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TYPICAL CHARACTERISTICSt 


INPUT OFFSET CURRENT INPUT OFFSET CURRENT 
vs vs 
CHOPPING FREQUENCY FREE-AIR TEMPERATURE 
Vpp += + 5 V 
Vic = 0 

4 4 

| 

5 5 

oO oO 
 § 6 
Ze) s 3 
se : 
aa : 
- ee / fi 
: rt 
= co 
> 100 10k 100 k 25 45 65 85 105 125 
3 fch - Bsns Frequency — Hz Ta — Free-Air Temperature — °C 
~ FIGURE 5 FIGURE 6 
s CLAMP CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

vs vs 
OUTPUT VOLTAGE FREQUENCY 


10 


ST 
mau imanivament Wall 
a 


Ta = 125°C 


|Clamp Current! 


Vpop+ = +5V \ 
Ry = 10kQ » 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


4 4.2 4.4 4.6 4.8 5 100 1k 10k 100 k 1M 
|\Vo|- Output Voltage - V f — Frequency — Hz 
FIGURE 7 FIGURE 8 


Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Advanced Lin¢MOS™ PRECISION CHOPPER- STABILIZED 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
OUTPUT CURRENT OUTPUT CURRENT 


ease ae 


|Vom|— Maximum Peak Output Voltage - V 
|Vom|— Maximum Peak Output Voltage - V 


Operational Amplifiers a 


0 0.4 0.8 1.2 1.6 2 0 0.4 0.8 1.2 1.6 2 
|!q| - Output Current - mA |lo| - Output Current - mA 
FIGURE 9 FIGURE 10 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
: cae PRE Ses aa RES 

: : 

= 2.5 2 4 

; : 

5 

: : 

= = Vpp + = t7.5V 

| | | Rouge Ta 

E E 

| 2 

E E 
< 

s -2.5 on 

> > 

-5 -8 Saar ara aT 
-75 -50 -25 0 25 50 75 100 125 -75 hao - 25 75 a 125 
Ta — Free-Air Temperature — °C Ta- oat meena -°C 
FIGURE 11 FIGURE 12 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2652, TLC2652A 
Advanced LinCMOS™ PRECISION CHOPPER- STABILIZED 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 


AMPLIFICATION AND PHASE SHIFT LARGE-SIGNAL VOLTAGE AMPLIFICATION 
vs VS 

FREQUENCY FREE-AIR TEMPERATURE 
co co 
me) c 
: 5 
é e 
< = < 

® 
> = > 
Ss é S 
g = 
Oo r=) 
Q a 
> > 
< < 
5 
10 100 1k 10k 100k 1M 10M -75 -50 -25 0 a Se: 78 10. 125 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
FIGURE 13 FIGURE 14 
CHOPPING FREQUENCY CHOPPING FREQUENCY 
VS VS 


SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
460 7 


“Ho 
fy deteeecem une 
APG taes 


feh — Chopping Frequency — Hz 
foh — Chopping Frequency — Hz 
e~ 
wo 
So 


0 1 2 3 “ 5 6 7 8 = 76 ~& 
\Vpp +|- Supply Voltage - V Ta — Free-Air Temperature — °C 
FIGURE 15 FIGURE 16 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO2652, TLC2652A 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS? 


SUPPLY CURRENT SUPPLY CURRENT 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


No Load 


Operational Amplifiers se 


ae 1.6 

E E 
J 1 
& 12 Ta = 25°C 3 
3 | | 5 
S) S) 
_ a 
S : 
> 0.8 - 
; f) 3 
ee | 2 

0.4} ff 
Vo = 0 
; No Load 
0 1 2 3 4 5 6 7 8 -75 -50 -25 0 25). 50 75 100 125 
\Vpp +|- Supply Voltage - V Ta — Free-Air Temperature — °C 
FIGURE 17 3 FIGURE 18 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Mp = 100m) 
ees es Sa Ua aad ae 


los — Short-Circuit Output Current —-mA 
los — Short-Circuit Output Current -mA 


0 1 2 3 4 5 6 7 8 -75 -50 -25 0 25 50 7 Oo 1425 
\Vpp +|- Supply Voltage - V Ta — Free-Air Temperature — °C 
FIGURE 19 FIGURE 20 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2652, TLC2652A 


Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 


OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


SLEW RATE 
VS 
SUPPLY VOLTAGE 


SR — Slew Rate — V/s 


0 1 2 3 4 5 6 
\Vpp +|- Supply Voltage - V 


FIGURE 21 
VOLTAGE-FOLLOWER 


SMALL-SIGNAL 
PULSE RESPONSE 


Vo — Output Voltage — mV 


t- Time - us 
FIGURE 23 


SR — Slew Rate - V/s 


Vo — Output Voltage — V 


SLEW RATE 
VS 
FREE-AIR TEMPERATURE 


0 
-75 -50 -25 0 25 S50 75 100 125 
T, — Free-Air Temperature - °C 


FIGURE 22 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


Boe 
Be APE eS Bie. 
aS eee 


G 6. % 46> 20 26. 3. 26 40 
t-— Time -.s 


FIGURE 24 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 


2-804 


EXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 » DALLAS, TEXAS 75265 


Vnpp — Peak-to-Peak Input Noise Voltage — .V 
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TLO2652, TLC2652A 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


PEAK-TO-PEAK INPUT NOISE VOLTAGE PEAK-TO-PEAK INPUT NOISE VOLTAGE 
VS VS 
CHOPPING FREQUENCY CHOPPING FREQUENCY 


Vpp + = +5V 
Rg = 100 
f = 0to1Hz 


Vpp + = +5V 
Rs = 100 
f = 0to10Hz 


Vnpp — Peak-to-Peak Input Noise Voltage — .V 
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0 2 4 6 8 10 
fe, — Chopping Frequency — kHz feh— Chopping Frequency — kHz 
FIGURE 25 FIGURE 26 
EQUIVALENT INPUT NOISE VOLTAGE GAIN-BANDWIDTH PRODUCT 
VS : VS 
FREQUENCY SUPPLY VOLTAGE 


N 
x 
2 

= 80 z 

® 
-} 7) 
> | 

. = 8 
2 2 
Z 5 

= ao) 

-_ A 4 

Ss Zz 
= : 
s cS 

Oo Cc 
s = 

5. 5 
Ww 

| 

& 
> 

100 1k ie be Bee Se) ee ee ee ee 
f - Frequency — Hz \Vpp +|— Supply Voltage — V 
FIGURE 27 FIGURE 28 
EXAS i 2-805 
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TLO2652, TLC2652A 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 
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TYPICAL CHARACTERISTICS* 


GAIN-BANDWIDTH PRODUCT > 


VS 
FREE-AIR TEMPERATURE 
Vpp+ = +5V 
Rye = 10kQ 
C, = 100 pF 
N L Pp 
= 
colt | 
é N\ 
a ; 
S ias 
oo ee 
& be 
: 
© 
Po ee 
1.2 
-75 -50 -25 0 2 50 75 100 125 
Ta — Free-Air Temperature — °C 
FIGURE 29 
PHASE MARGIN 
VS 
FREE-AIR TEMPERATURE 
i 
a 
= 
oy 
i} 
= 
® 
o 
az 
5 
sS 


40 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 31 


TEXAS 
INSTRUMENTS 


?m — Phase Margin — degrees 


PHASE MARGIN 
VS 
SUPPLY VOLTAGE 


0 1 2 3 4 5 6 7 8 
\Vpp +|- Supply Voltage - V 


FIGURE 30 


PHASE MARGIN 
VS 
LOAD CAPACITANCE 


Vpp + = +5V 
Ri = 10kQ 
Ta = 25°C 


?m — Phase Margin — degrees 
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CG, — Load Capacitance — pF 
FIGURE 32 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO2652, TLC2652A 
Advanced Lincmos™ PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


capacitor selection and placement 


The two important factors to consider when selecting external capacitors Cy, and Cyp are leakage and 
dielectric absorption. Both factors can cause system degradation that can negate the performance 
advantages realized by using the TLC2652. 


Degradation from capacitor leakage becomes more apparent with increasing temperatures. Low-leakage 
capacitors and standoffs are recommended for operation at Ta = 125°C. In addition, guardbands are 
recommended around the capacitor connections on both sides of the printed circuit board to alleviate problems 
caused by surface leakage on circuit boards. 


Capacitors with high dielectric absorption tend to take several seconds to settle upon application of power, 
which directly affects input offset voltage. In applications where fast settling of input offset voltage is needed, 
it is recommended that high-quality film capacitors, such as mylar, polystyrene, or polypropylene, be used. In 
other applications, however, a ceramic or other low-grade capacitor may suffice. 


Unlike many choppers available today, the TLC2652 is designed to function with values of Cya and Cyp in 
the range of 0.1 uF to 1 uF without degradation to input offset voltage or input noise voltage. These capacitors 
should be located as close as possible to the Cy, and Cyep pins and returned to either the Vpp-— pin or the 
C RETURN pin. Note that on many choppers, connecting these capacitors to the Vpp-_— pin will cause 
degradation in the noise performance. This problem is eliminated on the TLC2652. 


internal/external clock 


The TLC2652 has an internal clock that sets the chopping frequency to a nominal value of 450 Hz. On 8-pin 
packages, the chopping frequency can only be controlled by the internal clock; however, on all 14-pin 
packages and the 20-pin FK package, the device chopping frequency may be set by the internal clock or 
controlled externally by use of the INT/EXT and CLK IN pins. To use the internal 450-Hz clock, no connection 
is necessary. If external clocking is desired, connect the INT/EXT pin to Vpp_ and the external clock to CLK 
IN. The external clock trip point is 2.5 V above the negative rail; however, the CLK IN pin may be driven 
from the negative rail to 5 V above the negative rail. If this level is exceeded, damage could occur to the device 
unless the current into the CLK IN pin is limited to +5 mA. When operating in the single-supply configuration, 
this feature allows the TLC2652 to be driven directly by 5-V TTL and CMOS logic. A divide-by-two frequency 


divider interfaces with the CLK IN pin and sets the 
chopping frequency. The chopping frequency ee 
appears on the CLK OUT pin. The duty cycle of Vpp + = +5V ie 
eee" | TT LT 
be 


the external clock is not critical but should be kept 
between 30% and 60%. 
33). Typical overload recovery time for the tebe Ae eae 


TLC2652 is significantly faster than competitive 10 2 20 30 40 50 60 70 80 


products; however, if required, this time can be t-— Time - ms 
FIGURE 33. OVERLOAD RECOVERY 
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0 


overload recovery/output clamp 


Vo — Output Voltage — V 


When large differential input voltage conditions 
are applied to the TLC2652, the nulling loop will 
attempt to prevent the output from saturating by 
driving Cy~ and Cyp to internally-clamped 
voltage levels. Once the overdrive condition is 
removed, a period of time is required to allow the 
built-up charge to dissipate. This time period is 
defined as overload recovery time (see Figure 


V; — Input Voltage — mV 
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TYPICAL APPLICATION DATA 


reduced further by using internal clamp circuitry accessible through the CLAMP pin. 

The clamp is simply a switch that is automatically activated when the output is approximately 1 V from either 
supply rail. When connected to the inverting input (in parallel with the closed-loop feedback resistor), the 
closed- loop gain is reduced and the TLC2652 output is prevented from going into saturation. Since the output 
must source or sink current through the switch (see Figure 7), the maximum output voltage swing is slightly 
reduced. 


thermoelectric effects 


To take advantage of the extremely low offset voltage drift of the TLC2652, care must be taken to compensate 
for the thermoelectric effects present when two dissimilar metals are brought into contact with each other 
(such as device leads being soldered to a printed circuit board). Dissimilar metal junctions can produce 
thermoelectric voltages in the range of several microvolts per degree Celsius (orders of magnitude greater 
than the 0.003 yV °C typical of the TLC2652). 


To help minimize thermoelectric effects, careful attention should be paid to component selection and circuit 
board layout. Avoid the use of nonsoldered connections (such as sockets, relays, switches, etc.) in the input 
signal path. Cancel thermoelectric effects by duplicating the number of components and junctions in each 
device input. The use of low-thermoelectric-coefficient components, such as wire-wound resistors, is also 
beneficial. 


latchup avoidance 


Because CMOS devices are susceptable to latchup due to their inherent parasitic thyristors, the TLC2652 
inputs and output were designed to withstand —100-mA surge currents without sustaining latchup; however, 
techniques to reduce the chance of latchup should be used whenever possible. Internal protection diodes 
should not, by design, be forward biased. Applied input and output voltages should not exceed the supply 
voltage by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. 
Supply transients should be shunted by the use of decoupling capacitors (0.1 uF typical) located across the 
supply rails as close to the device as is possible. 


The current path established if latchup occurs is usually between the supply rails and is limited only by the 
impedance of the power supply and the forward resistance of the parasitic thyristor. The chance of latchup 
occurring increases with increasing temperature and supply voltage. 


electrostatic discharge protection 


The TLC2652 incorporates internal ESD protection circuits that prevent functional failures at voltages at or 
below 2000 V. Care should be exercised in handling these devices as exposure to ESD may result in 
degradation of the device parametric performance. 


theory of operation 


Chopper-stabilized operational amplifiers offer the best dc performance of any monolithic operational amplifier. 
This superior performance is the result of using two operational amplifiers — a main amplifier and a nulling 
amplifier — plus oscillator-controlled logic and two external capacitors to create a system that behaves as a 
single amplifier. With this approach, the TLC2652 achieves submicrovolt input offset voltage, submicrovolt 
noise voltage, and offset voltage variations with temperature in the nV/°C range. 


The TLC2652 on-chip control logic produces two dominant clock phases; a nulling phase and an amplifying 
phase. The term chopper-stabilized derives from the process of switching between these two clock phases. 
Figure 34 shows a simplified block diagram of the TLC2652. Switches A and B are make-before-break types. 
During the nulling phase, switch A is closed, shorting the nulling amplifier inputs together and allowing the 
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TYPICAL APPLICATION DATA 


MAIN 


FIGURE 34. TLC2652 SIMPLIFIED BLOCK DIAGRAM 


nulling amplifier to reduce its own input offset voltage by feeding its output signal back to an inverting input 
node. Simultaneously, external capacitor Cy, stores the nulling potential to allow the offset voltage of the 
amplifier to remain nulled during the amplifying phase. 


During the amplifying phase, switch B is closed, connecting the output of the nulling amplifier to a noninverting 
input of the main amplifier. In this configuration, the input offset voltage of the main amplifier is nulled. Also, 
external capacitor Cyp stores the nulling potential to allow the offset voltage of the main amplifier to remain 
nulled during the next nulling phase. 


This continuous chopping process allows offset voltage nulling during variations in time and temperature and 
over the common-mode input voltage range and power-supply range. In addition, because the low-frequency 
signal path is through both the null and main amplifiers, extremely high gain is achieved. 


The low-frequency noise of a chopper amplifier depends on the magnitude of the component noise prior to 
chopping and the capability of the circuit to reduce this noise while chopping. The use of the Advanced 
LinCMOS process with its low-noise analog MOS transistors and patent-pending input stage design 
significantly reduces the input noise voltage. 


The primary source of nonideal operation in chopper-stabilized amplifiers is error charge from the switches. 


As charge imbalance accumulates on critical nodes, input offset voltage can increase, especially with 
increasing chopping frequency. This problem has been significantly reduced in the TLC2652 by use of a 
patent-pending compensation circuit and the Advanced LinCMOS process. 


The TLC2652 incorporates a feed-forward design that ensures continuous frequency response. Essentially, 
the gain magnitude of the nulling amplifier and compensation network crosses unity at the break frequency 
of the main amplifier. As a result, the high-frequency response of the system is the same as the frequency 
response of the main amplifier. This approach also ensures that the slewing characteristics remain the same 
during both the nulling and amplifying phases. 
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D3174, NOVEMBER 1988 


Input Noise Voltage ... D008, JG, or P PACKAGE 


0.5 nV p-p Typ, f = Oto 1 Hz (TOP VIEW) 
1.5 uV p-p Typ, f = 0 to 10 Hz 

47 nV/NHz Typ, f = 10 Hz 

13 nV/VHz Typ, f = 1 kHz 


@ High Chopping Frequency ... 10 kHz Typ 
@ No Clock Noise Below 10 kHz 
D014, J, or N PACKAGE 
@ No intermodulation Error Below 5 kHz (TOP VIEW) 
@ Low Input Offset Voltage ... 10 w.V Max Cyp (1 Tr4al) intext 
@ Excellent Offset Voltage Stability CXA|}2 13] | CLK IN 
with Temperature ... 0.3 .V/°C Max NC [J3 121] CLK OUT 
IN - 111} Vpp + 


Ayp --. 135 dB Min IN+[]5 101] OUT 


# 
@ CMRR ... 110dB Min NC [J6 9} | CLAMP 
Vpp-[]7 _—«8L] C RETURN 

@ Ksypr --- 120 dB Min , 
@ Single-Supply Operation FK PACKAGE 
@ Common-Mode Input Voltage Range VE EN) 

Includes the Negative Rail os 

xq a ne ae 

@ No Noise Degradation with External SSQEB 

Capacitors Connected to Vpp — =o 


L PACKAGE NC |} 4 18|] CLK OUT 


(TOP VIEW) NC [|5 17[} NC 
IN— ||6 161] Vop + 
NC |}7 15|} NC 
IN+1]|8 14|] OUT 

9 
== | Ee | eee 
eae O. 
z Q= 5 
> td 
iam 
Oo 


fein inna 
Pin 4 of the L package is in electrical contact with the case ae i ain ipkeeclicaiieetna 


AVAILABLE OPTIONS 


TA PLASTIC CERAMIC METAL PLASTIC | CERAMIC CHIP 
DIP CAN DIP DIP CARRIER 
(JG) (L) (N) (J) (FK) 


85°C | 20uV | TLC2654I-8D | TLC2654IP | TLO26541JG TLC2654IL | TLC26541-14D | TLC2654IN | TLC26541J 
idee 
125°C | 20uV | TLC2654M-8D | TLC2654MP | TLC2654MJG | TLC2654ML | TLC2654M-14D | TLC2654MN | TLC2654MJ | TLC2654MFK 


D008 and D014 packages are available taped-and-reeled. Add “R” suffix to device type when ordering (e.g., TLC2654AC-8DR). 
Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


a 10 uV_ | TLC2654AC-8D | TLC2654ACP | TLC2654ACJG | TLC2654ACL | TLC2654AC-14D | TLC2654ACN | TLC2654ACJ 
7o°c | 20uV | TLC2654C-8D | TLC2654CP | TLC2654CJG | TLC2654CL | TLC2654C-14D | TLC2654CN | TLC2654CJ 


PRODUCTION DATA documents contain information Copyright © 1988, Texas Instruments Incorporated 


current as of publication date. Products conform to 

pai lb fos a bles of Texas mop oregee TEXAS 

standard warranty. Production processing does no 

necessarily include testing of all parameters. INSTRUMENTS 
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TLO2654, TLC2654A 
Advanced LinCMOS™ LOW-NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


description EQUIVALENT INPUT NOISE VOLTAGE 


sisipdwiy jeuoneisdg BN) 


VS 
FREQUENCY 


The TLC2654 and TLC2654A are low-noise 
chopper-stabilized operational amplifiers using 
the Advanced LinCMOS™ process. Combining 
this process with chopper stabilization circuitry 
makes possible excellent dc precision. In 
addition, circuit techniques have been added that 
give the TLC2654 and TLC2654A noise perfor- 
mance unsurpassed by similar devices. 


=A 
oO 
x 


= 
x 


Chopper stabilization techniques provide for 
extremely high dc precision by continuously 
nulling input offset voltage even during variations 
in temperature, time, common-mode voltage, and 
power supply voltage. The high chopping frequ- 


au +l 
C opper-Stabilized 
Operational Amplifier 
100 eee 
|| | Thezesa “TLC2654 al 
ency of the TLC2654 and TLC2654A provides 
excellent noise performance in a frequency Mia 


spectrum from near de to 10 kHz. In addition, | To 
intermodulation or aliasing error is eliminated 1k 
from frequencies up to 5 kHz. zt gs Be Zi 


V,— Equivalent Input Noise Voltage — nV/VHz 


_ 
im 


This high de precision and low noise, coupled 

with the extremely high input impedance of the 

CMOS input stage, make the TLC2654 and TLC2654A an ideal choice for a broad range of applications such 
as low-level low-frequency thermocouple amplifiers and strain gauges, as well as wide-bandwidth and 
subsonic circuits. (For applications requiring even greater dc precision, use the TLC2652 or TLC2652A 
device, which has a chopping frequency of 450 Hz.) 


The TLC2654 and TLC2654A common-mode input voltage range includes the negative rail, thereby providing 
superior performance in either single-supply or split-supply applications, even at power supply voltage levels 
as low as +2.3 V. 


Two external capacitors are required to operate the device; however, the on-chip chopper control circuitry is 
transparent to the user. On devices in the 14-pin and 20-pin packages, the control circuitry is accessible, 
allowing the user the option of controlling the clock frequency with an external frequency source. In addition, 
the clock threshold of the TLC2654 and TLC2654A requires no level shifting when used in the single-supply 
configuration with a normal CMOS or TTL clock input. 


Innovative circuit techniques used on the TLC2654 and TLC2654A allow exceptionally fast overload recovery 
time. An output clamp pin is available to reduce the recovery time further. 


The device inputs and output are designed to withstand —100 mA surge currents without sustaining latchup. 
In addition, the TLC2654 and TLC2654A incorporate internal ESD protection circuits that prevent functional 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015; however, care should be 
exercised in handling these devices as exposure to ESD may result in degradation of the device parametric 
performance. 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C to 
125°C. The I-suffix devices are characterized for operation from —40°C to 85°C. The C-suffix devices are 
characterized for operation from 0°C to 70°C. 
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TLC2654, TLC2654A. 
Advanced LinCMOS™ LOW-NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


SUEUR, Fria: (SEMER ONIN. 5 tice 5 So sen an igs oy age REI ST a 'e none ea pein ae Cee ie 8V 
Cimiey VORECOF nr RO UOIO- INES obs. ssi age ev cd ee cee wn epaghne ys isa besd ae Heese eS -8V 
Differanuar tibit- Vonage (60a NOG 2) 3-3 KS Sala coe coe as wee oelee hid ere oe auras eee +16 V 
Input Voltage: FANGS: ViEtany INPUL, BOG INOW Skis se ee eats a teies tee cer eee vee +8V 
Voltage.0n CLICIN GG ANWEAL DINS 1 Uae tnosaiaig 3 fee ie ee oe Vpp — to Vpp — + 5.2 V 
INDUUGUITetty WE GAGN INDUS 5c se sw one SOS Re we be wis s ce wees wk ht » a: SURE OUNEE IG: +5 mA 
OUI CUNT Migr tei vr epee: Nob sibs caw cree cyan er ss) aga tro mele © 155 Sige ey donee + 50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)........... 2.0.2 cee eee eee Unlimited 
Current: We be el eR i Be sn os cs Rl eed eee +5 mA 
MDOP IOLIS SAIGON so sti nd aa Gobi fb wae cle ee a soe see Dissipation Rating Table 
Operating tree-air temperature, Da: M-SUIIX S555 <u. ne ee ce a ee ebay nen — 55°C to 125°C 

PR teagan Sdn ede «enix Von te ricarae aoe score — 40°C to 85°C 

RMR as rt css § sos 4k SR no 0°C to 70°C 
Siorage tamperlure Tange... icct css wae es vcs ba kos ADDS pet Se ou ee ee — 65°C to 150°C 
Case temperature for 60 seconde: FK package: 22ji. crs os ee ie ee ee ee ee els 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or P package............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J, JG, or L package ........... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vpp , and Vpp _ - 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 
maximum dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 
725 mW 5.8 mW/°C 464 mW 
950 mW 7.6 mW/°C 608 mW 
1375 mW 11.0 mW/°C 880 mW 
1375 mW 11.0 mW/°C 880 mW 


PACKAGE 


Operational Amplifiers By) 


1050 mW 8.4 mW/°C 672 mW 

650 mW 5.2 mW/°C 416 mW 
1575 mW 12.6 mW/°C 1008 mW ‘ 
1000 mW 8.0 mW/°C 


Supply voltage, Vpp +23 


Common-mode 
input voltage, Vic 
Clock input voltage 


Operating free-air 
temperature, Ta 
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electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt fin HE a AX Mi ae MAX UNIT 
25°C |. (Ss somata bi slow Taner cey 2120 
Vio Input offset voltage ae 
Full fange| "582 an’ gad] ooce Sania. (BON 
* Temperature coefficient — 55°C to Gana aes 0.004 03 |uvrc 
VIO of input offset voltage 125°C it 
Input offset voltage . 
long-term drift (see Note 4) as ha gthaw bi cei teil tatalalae 


25°C 
lio Input offset current eS 
IB 


ralrange | apa 


2 


Roe See 

ESTES) ct aa 
ieee mes 
[Falrange | —SCSOO | SCSCSC« 


-5 

2.7 
Jou, Maximum postive PeaK |p a94a GooNotws 
OM+ output voltage swing | t= 10K i Ss 
Vou. Maximum negative Peak | > 10K Soonotws 
OM output vottage swing | PL OKO Full range 

20 

25 

25 
: 


30 
-5 
to 
27 
4.7 4.8 
4.7 
- - 4.9 
Large signal aferenal i A 
dese arge-signa di erentia Vo = £4V, Ry = 10ka 195) 24 1 155 
votage amplification Fultange [ee eo 
Internal choppin 
foh pping 25°C 10 kHz 
frequency 
[a Se 
ah cea 
1 25 
125 
4.5 


Common-mode input 


V 
voltage range 


VICR 


30 
50 
8 
9 
55 
10 
Clamp on-state current Ri = 100 kQ 
Full range 
Clamp off-state current Vo = -4Vto4V 
Full range 
25 
25 
15. 2a 


Sidlpjduiy jeuoiesedg 


Vo = 0.Vic = Vicr min 
rejection ratio Rg = 50.9 
Vppi = #23V1028V, 
ratio (SVpp +/AVio) _| Vo = 9. __Ag = $09 
‘op Sippvewen : E22 RE as EE 
Ipp Supply current Vo = 0, No load mA 
ie eee To eee 


tFull range is — 55°C to 125°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tq = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. Output clamp is not connected. 


ao) ‘= ao) Re) = 
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operating characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted) 


| 
at unity gain 
at unity gain 
aie SO or ee ee ane 
nv ag 
Peakiopeak equvalent [f= Owite | ao | 05 | os i 


V 
APP caput poles wit nine eae is 
le Equivalent input noise current f = 1kHz 0.004 0.004 pA/VHz 


f = 10 kHz, 
Gain-bandwidth product RE = 10 kQ, 25°C 1.9 1.9 MHz 


r) Phase margin at unity gain A Stee 25°C 48° 48° 
m ase margin at unity g CL = 100 pF 


TFull range is — 55°C to 125°C. 
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TLO26541, TLC2654Al 
Advanced LinCMOS™ LOW-NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


TLC2654Al TLC2654I 
AMETER T CONDITIONSt frags eee 
re ey Tee ne MAX | MIN TYP MAX | ON! 


ee ON 
it Saas 
gee ne 


ViO 


Temperature coefficient — 40°C to ‘ 
“VIO of input offset voltage 85°C eee ite ee wits aee [ee 
Input offset voltage : 
longaermeddit tees Nols a) = 0.003 0.02 0.003 0.06 | LV/mo 
2°} 0. | SO sn onaps NesBe Ae 
Input offset current RES pA 
Ful range eRe 36 


Input bias current ET ae a 
| Full range | | Full range | 


Common-mode input = eee - — 
VICR = 502 Full range 
voltage range 
3 7 : : 


Maximum postive Pe=K | ~ 10,0 eeonows 
output voltage swing zs range 


Maximum negative peak 
VOM - anny er = 10kQ, See Note 5 mt 47 
output voltage swing zi range 


Ap batoesional diferenial [7 yy 
voltage amplification =a range 
Internal choppin 
foh fre a emai as a we 
quency 
Clamp on-state current Ry = 100 kQ A ee He 
: Fullrange | 25 
25°C 
Clamp off-state current Vo = -4Vto4V ee 
Full range 
Common-made vo = 8c = Vion mn 06 
rejection ratio = 502 Full range 
Supply-voltage rejection Fe eS ee oe ee ee ee id 
ratio (AVpp +/ AVio) Vo = 0, Rg = 50Q | Full range Sas eh 110 


See oe ee 
ieee 2 


sioyydwuy jeuoneisdo a 


a 
> 


m 
—s 


ce) = = 


TFull range is — 40°C to 85°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tq = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. Output clamp is not connected. 
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operating characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


TLC26541 
PARAMETER TEST CONDITIONSt 


Positive slew ra THB Ge Gn aan eA ee 
SR+ We sh (eer V8. See Vins 
at unity gain vos se beige | 42 ee 
L = ; 
Negative slew rate a 
Sas: eee G; = ee eee Vins 
at unity gain rabangs [48 


ete oo: see 

"voltage (see Note 6) fate pf gee [19° apo soommeerors| 
a 

input noise voltage eob@neiat of ts.) ae 

[in ___Equivalent input noise current [t= 1kHz | 26°C | 000 —-+(|—~=Cioa Cid 


Gain-bandwidth product - 


Phase margin at unity gain 


tFull range is — 40°C to 85°C. 
NOTE 6: This parameter is tested on a sample basis for the TLC2654A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 


= 10kQ, 
= = 100 pF 
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electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


TLC2654AC TLC2654C 
TIONSt ae 
PARAMETER TEST CONDITIONS VF MAX MIN TYP MAX UNIT 


ES RW BR 
Raga ee aS eee 


0°C to 
0.004 0.3 0.004 0.3 | pV/° 
ae 
0.003 0.02 0.003 0.06 


ee eee 
aati a op ee 
= aoe eC ae 


Vio Input offset voltage 


“ Temperature coefficient 
vlO of input offset voltage 


Input offset voltage 
long-term drift (see Note 4) 


Input offset current 


Input bias current 


| Full range | | Full range | 
sone a 
Cc -mode input 
ne ee = 502 Full range 
voltage range Fe 7 . ; 
Maximum positive peak = 10kQ, See Note § 
output voltage swing zi range 
"Maximum negative peak |... < 
OM output votage swing | RL~ 1K ra range 
~_targe-signal dferenfal |, 
comps eminem | 807 An Oe ae 
Internal chopping 
25° 10 1 
Be oe ees SRN eS 
ee ee ee Full range ee a 
25°C 
Clamp off-state current -4Vto4V oe 
Ful ange 
cma common-mode Yo= Bie = Va ee eo 
rejection ratio = 500 Full range 110 
g 
Suppiy-volage rejection 05 a 
ratio (AVDp + /AVi0) = 50.0 | Fullrange 
F250 
sais ie oe Moka 


TFull range is 0°C to 70°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. Output clamp is not connected. 
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operating characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted) 


TLO2654AC TLO2654C 
TEST CONDITIONSt ee 
PARAMETER EST CONDITIONS eae NAS AAIN re Sa] UNIT 


sR. Positive slew rate CE 


‘ ; V/ 
at unity gain fe 3 See 
Negative slew rae 25° 

mE vs 
at unity gain Ful range 


ane 
voltage (see Note 6) owes o] oo | seo, ie 
Peakiopesk equals [f=owire | are [os [os 
input noise voltage La a A 

re —eantigwtramer— [rete |e} oat | —ant —o 


Phase margin at unity gain cee 25°C 
g y9 = 100 pF 


tFull range is 0°C to 70°C. 


NOTE 6: This parameter is tested on a sample basis for the TLC2654A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 


Gain-bandwidth product 
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V Input offset voltage Distribution 
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NORMALIZED INPUT OFFSET VOLTAGE 
DISTRIBUTION OF TLC2654 vs 
INPUT OFFSET VOLTAGE CHOPPING FREQUENCY 


Ta = 25°C 
N Package 


2 


Percentage of Units —% 


au at ll 


Vio — Normalized Input Offset Voltage — 1. V 
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0 a hE: - 10 
-20-16-12 -8 -4 0 4 8 12 16 20 100 10k 100 k 
Vio —!nput Offset Voltage — 1.V foh - RR Frequency — Hz 
FIGURE 1 FIGURE 2 
INPUT OFFSET CURRENT INPUT OFFSET CURRENT 
VS VS 
CHOPPING FREQUENCY FREE-AIR TEMPERATURE 


< < 
a a. 
th 100 1 
6 80 6 
Oo 60 re) 
a 2 
£ & 

; 40 l 

: pill Lt yi 
100 10k 100 k 25 45 65 85 105 125 
foh - ssisgui Frequency — Hz Ta — Free-Air Temperature — °C 
FIGURE 3 FIGURE 4 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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INPUT BIAS CURRENT 
VS 
COMMON-MODE INPUT VOLTAGE 


INPUT BIAS CURRENT 
VS 
CHOPPING FREQUENCY 


100 
Vpp+ = +5V 
80 Ta = 25°C 
< < 
a. a. 
l l 
= =~ ‘60 
8 é ! 
> is E 
B= | ” = 40 [ 
@ a 2 ), 
© : 
ro) 7 =. 20 a 
: LU 
. aie 
> 0 I 
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so} Vic — Common-Mode Input Voltage — V fo, — Chopping Frequency — Hz 
= FIGURE 5 FIGURE 6 
@ 
PP INPUT BIAS CURRENT CLAMP CURRENT 
vs vs 
FREE-AIR TEMPERATURE OUTPUT VOLTAGE 
100 nA ——Sa 
ae | 
rf 1 pA / 
, Liha ae ys a 
5 =100nA / 
: es SS eae 
= 
a © 40nA 4 
4 a 
: : 
a oO 1nA 
1 
£ 100 pA 
10 pA 
1pA 


45 65 85 105 
Ta — Free-Air Temperature — °C 


125 


FIGURE 7 


4.4 
|\Vo|- Output Voltage — V 


4.6 


FIGURE 8 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
OUTPUT CURRENT FREE-AIR TEMPERATURE 


Vpp+ = +5V 
Ta = 25°C 


|Vom|— Maximum Peak Output Voltage — V 
Vom — Maximum Peak Output Voltage — V 


0 0.4 0.8 1.2 1.6 2 -75 -50 -25 0 ao...50 7 = 100 .;.128 
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|l¢| - Output Current - mA Ta — Free-Air Temperature - °C 
FIGURE 9 FIGURE 10 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE COMMON-MODE REJECTION RATIO 
VS VS 
FREQUENCY FREQUENCY 


dB 


| 120 


CLIN TTT ET 
TTT PASM TEE 


CMRR — Common-Mode Rejection Ratio 


Vopp — Maximum Peak-to-Peak Output Voltage — V 


Vpp+ = +5V \ 
Ry = 10kQ 


100 10k 100 k 1M 
f — Frequency — Hz f — Frequency — Hz 
FIGURE 11 FIGURE 12 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LARGE-SIGNAL DIFFERENTIAL VOLTAGE 


AMPLIFICATION AND PHASE SHIFT LARGE-SIGNAL VOLTAGE AMPLIFICATION 
VS vs 
FREQUENCY FREE-AIR TEMPERATURE 
mo Po Vpp +5 +§ V 
7 be Re = 10kQ 
§ § Vo = +4V 
= A 
E « § 
© ® 
$ cs 
s Hae 
S . S 
£ = 
Q Q 
| | 
Q Q 
< < 
10 100 1k 10k 100k 1M 10M -75 -50 -25 0 2a1- 50 75. 100 125 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
FIGURE 13 FIGURE 14 
CHOPPING FREQUENCY CHOPPING FREQUENCY 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


10.5 


10 


9.5 


foh — Chopping Frequency — kHz 
foh — Chopping Frequency — kHz 


8.5 
-75 -50 -25 0 25 50 75 100 125 
\Vpp +|- Supply Voltage — V Ta — Free-Air Temperature — °C 
FIGURE 15 FIGURE 16 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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SUPPLY CURRENT SUPPLY CURRENT 
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SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
2 
1.6 
< < 
E E 
= z 
5 Ta = 25°C 5 1.2 
hn | | te 
6 = —55°C 6 i 
= | > ® 
2 = 125°C & = 
Fr es 0.8 sme 
oh : = 
5 | 8 E 
| 0.4 <x 
Vo = 0 6 
ages oq j Holo | 
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\Vpp +|- Supply Voltage - V Ta — Free-Air Temperature — °C = 
FIGURE 17 FIGURE 18 a. 
©) 


SHORT-CIRCUIT OUTPUT CURRENT 
VS 
SUPPLY VOLTAGE 


los — Short-Circuit Output Current —-mA 
los — Short-Circuit Output Current —-mA 


SHORT-CIRCUIT OUTPUT CURRENT 
VS 
FREE-AIR TEMPERATURE 


Vip = —100 mV 


0 1 2 3 a 5 6 7 8 -75 -50 -25 0 a0 Ge 75) 1D 


\Vpp +|- Supply Voltage - V 
FIGURE 19 


Ta — Free-Air Temperature — °C 


FIGURE 20 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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SLEW RATE 
VS 
SUPPLY VOLTAGE 


SR — Slew Rate — V/s 


Rp = 10kQ 
= 100 pF 
= 25°C 


0 1 2 3 4 5 6 tg 8 
\Vpp +|— Supply Voltage - V 


FIGURE 21 
VOLTAGE-FOLLOWER 


SMALL-SIGNAL 
PULSE RESPONSE 


Vo — Output Voltage — mV 


t-— Time —us 
FIGURE 23 


SR — Slew Rate — V/s 


Vo — Output Voltage — V 
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FIGURE 22 
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FIGURE 24 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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PEAK-TO-PEAK INPUT NOISE VOLTAGE 


VS 
CHOPPING FREQUENCY 


Vopp + = +5V 
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FIGURE 25 
EQUIVALENT INPUT NOISE VOLTAGE 


VS 
FREQUENCY 
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FIGURE 27 
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PEAK-TO-PEAK INPUT NOISE VOLTAGE 
VS 
CHOPPING FREQUENCY 


Vnpp — Peak-to-Peak Input Noise Voltage — uV 


foh— Chopping Frequency — kHz 
FIGURE 26 


SUPPLY-VOLTAGE REJECTION RATIO 
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Ksypr — Supply-Voltage Rejection Ratio — dB 
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f — Frequency — Hz 


FIGURE 28 
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GAIN-BANDWIDTH PRODUCT 
VS 
SUPPLY VOLTAGE 


Ry = 10kQ2 
Ci = 100 pF 
Ta = 25°C 


Gain-Bandwidth Product — MHz 
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FIGURE 29 


PHASE MARGIN 
VS 
SUPPLY VOLTAGE 
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Ry = 10kQ 
Cy = 100 pF 


?m — Phase Margin — degrees 


0 1 2 3 4 5 6 7 8 
\Vpp +|— Supply Voltage — V 


FIGURE 31 


GAIN-BANDWIDTH PRODUCT 
VS 
FREE-AIR TEMPERATURE 


Vpp + = +5V 
Rp = 10kQ 
Cy = 100 pF 


Gain-Bandwidth Product — MHz 
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Ta — Free-Air Temperature — °C 


FIGURE 30 


PHASE MARGIN 
vs 
LOAD CAPACITANCE 


?m — Phase Margin — degrees 


0 200 400 600 800 1000 
C,_ — Load Capacitance — pF 
FIGURE 32 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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capacitor selection and placement 


Leakage and dielectric absorption are the two important factors to consider when selecting external capacitors 
Cy, and Cyp. Both factors can cause system degradation negating the performance advantages realized 
by using the TLC2654. 


Degradation from capacitor leakage becomes more apparent with increasing temperatures. Low-leakage 
capacitors and standoffs are recommended for operation at Ta = 125°C. In addition, guardbands around the 
capacitor connections on both sides of the printed circuit board are recommended to alleviate problems 
caused by surface leakage on circuit boards. 


Capacitors with high dielectric absorption tend to take several seconds to settle upon application of power, 
which directly affects input offset voltage. In applications needing fast settling of input offset voltage, it is 
recommended that high-quality film capacitors, such as mylar, polystyrene, or polypropylene, be used. In 
other applications, however, a ceramic or other low-grade capacitor may suffice. 


Unlike many choppers available today, the TLC2654 is designed to function with values of Cy, and Cyp in 
the range of 0.1 uF to 1 uF without degradation to input offset voltage or input noise voltage. These capacitors 
should be located as close as possible to the Cy, and Cyp pins and returned to either the Vpp-_ pin or the 
C RETURN pin. Note that on many choppers, connecting these capacitors to the Vpp— pin causes 
degradation in noise performance, a problem that is eliminated on the TLC2654. 


internal/external clock 


The TLC2654 has an internal clock that sets the chopping frequency to a nominal value of 10 kHz. On 8-pin 
packages, the chopping frequency can only be controlled by the internal clock; however, on all 14-pin 
packages and the 20-pin FK package, the device chopping frequency may be set by the internal clock or 
controlled externally by use of the INT/EXT and CLK IN pins. To use the internal 10-kHz clock, no connection 
is necessary. If external clocking is desired, connect the INT/EXT pin to Vpp_ and the external clock to CLK 
IN. The external clock trip point is 2.5 V above the negative rail; however, the CLK IN pin may be driven 
from the negative rail to 5 V above the negative rail. This allows the TLC2654 to be driven directly by 5-V 
TTL and CMOS logic when operating in the single-supply configuration. If this 5-V level is exceeded, damage 
could occur to the device unless the current into the CLK IN pin is limited to+5 mA. A divide-by-two frequency 
divider interfaces with the CLK IN pin and sets the 
chopping frequency. The chopping frequency 
appears on the CLK OUT pin. 


Operational Amplifiers sae 
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overload recovery/output clamp 


When large differential input voltage conditions 
are applied to the TLC2654, the nulling loop 
attempts to prevent the output from saturating by 
driving Cya and Cygp to internally-clamped 
voltage levels. Once the overdrive condition is 
removed, a period of time is required to allow the 
built-up charge to dissipate. This time period is 
defined as overload recovery time (see Figure 
33). Typical overload recovery time for the 
TLC2654 is significantly faster than competitive 
products; however, if required, this time can be 
reduced further by use of internal clamp circuitry 
accessible through the CLAMP pin. 


Vo — Output Voltage — V 


V; — Input Voltage — mV 


0° 16 20. 3040-80 oO 76 “SO 
t— Time —- ms 


FIGURE 33. OVERLOAD RECOVERY 
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The clamp is simply a switch that is automatically activated when the output is approximately 1 V from either 
supply rail. When connected to the inverting input (in parallel with the closed-loop feedback resistor), the 
closed-loop gain is reduced and the TLC2654 output is prevented from going into saturation. Since the output 
must source or sink current through the switch (see Figure 8), the maximum output voltage swing is slightly 
reduced. 


thermoelectric effects 


sioyyduiy jeuonjeisdg BW 


To take advantage of the extremely low offset voltage temperature coefficient of the TLC2654, care must be 
taken to compensate for the thermoelectric effects present when two dissimilar metals are brought into contact 
with each other (such as device leads being soldered to a printed circuit board). It is not uncommon for 
dissimilar metal junctions to produce thermoelectric voltages in the range of several microvolts per degree 
Celsius (orders of magnitude greater than the 0.01-uV/°C typical of the TLC2654). 


To help minimize thermoelectric effects, careful attention should be paid to componet selection and circuit 
board layout. Avoid the use of nonsoldered connections (such as sockets, relays, switches, etc.) in the input 
signal path. Cancel thermoelectric effects by duplicating the number of components and junctions in each 
device input. The use of low-thermoelectric-coefficient components, such as wire-wound resistors, is also 
beneficial. 


latchup avoidance 


Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TL.C2654 
inputs and output are designed to withstand —100-mA surge currents without sustaining latchup; however, 
techniques to reduce the chance of latchup should be used whenever possible. Internal protection diodes 
should not be forward biased in normal operation. Applied input and output voltages should not exceed the 
supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling on pulse 
generators. Supply transients should be shunted by using decoupling capacitors (0.1 uF typical) located 
across the supply rails as close to the device as possible. 


The current path established if latchup occurs is usually between the supply rails and is limited only by the 
impedance of the power supply and the forward resistance of the parasitic thyristor. The chance of latchup 
occurring increases with increasing temperature and supply voltage. 


electrostatic discharge protection 


The TLC2654 incorporates internal ESD protection circuits that prevent functional failures at voltages at or 
below 2000 V. Care should be exercised in handling these devices as exposure to ESD may result in 
degradation of the device parametric performance. 


theory of operation 


Chopper-stabilized operational amplifiers offer the best dc performance of any monolithic operational amplifier. 
This superior performance is the result of using two operational amplifiers — a main amplifier and a nulling 
amplifier — plus oscillator-controlled logic and two external capacitors to create a system that behaves as a 
single amplifier. With this approach, the TLC2654 achieves submicrovolt input offset voltage, submicrovolt 
noise voltage, and offset voltage variations with temperature in the nV/°C range. 


The TLC2654 on-chip control logic produces two dominant clock phases — a nulling phase and an amplifying 
phase. The term “chopper-stabilized” derives from the process of switching between these two clock phases. 
Figure 34 shows a simplified block diagram of the TLC2654. Switches A and B are make-before-break types. 
During the nulling phase, switch A is closed, shorting the nulling amplifier inputs together and allowing the 
nulling amplifier to reduce its own input offset voltage by feeding its output signal back to an inverting input 
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MAIN 


Vo 


Vpp — 


FIGURE 34. TLC2654 SIMPLIFIED BLOCK DIAGRAM 


node. Simultaneously, external capacitor Cy, stores the nulling potential to allow the offset voltage of the 
amplifier to remain nulled during the amplifying phase. 


During the amplifying phase, switch B is closed, connecting the output of the nulling amplifier to a noninverting 
input of the main amplifier. In this configuration, the input offset voltage of the main amplifier is nulled. Also, 
external capacitor Cyp stores the nulling potential to allow the offset voltage of the main amplifier to remain 
nulled during the next nulling phase. 


This continuous chopping process allows offset voltage nulling during variations in time and temperature and 
over the common-mode input voltage range and power supply range. In addition, because the low-frequency 
signal path is through both the null and main amplifiers, extremely high gain is achieved. 


The low-frequency noise of a chopper amplifier depends on the magnitude of the component noise prior to 
chopping and the capability of the circuit to reduce this noise while chopping. The use of the Advanced 
LinCMOS process, with its low-noise analog MOS transistors and patent-pending input stage design, 
significantly reduces the input noise voltage. 


The primary source of nonideal operation in chopper-stabilized amplifiers is error charge from the switches. 
As charge imbalance accumulates on critical nodes, input offset voltage can increase, especially with 
increasing chopping frequency. This problem has been significantly reduced in the TLC2654 by use of a 
patent-pending compensation circuit and the Advanced LinCMOS process. 


The TLC2654 incorporates a feed-forward design that ensures continuous frequency response. Essentially, 
the gain magnitude of the nulling amplifier and compensation network crosses unity at the break frequency 
of the main amplifier. As a result, the high-frequency response of the system is the same as the frequency 
response of the main amplifier. This approach also ensures that the slewing characteristics remain the same 
during both the nulling and amplifying phases. 


The primary limitation on ac performance is the chopping frequency. As the input signal frequency approaches 
the chopper’s clock frequency, intermodulation (or aliasing) errors result from the mixing of these frequencies. 
To avoid these error signals, the input frequency must be less than half the clock frequency. Most choppers 
available today limit the internal chopping frequency to less than 500 Hz in order to eliminate errors due to 
the charge imbalancing phenomenon mentioned previously. However, to avoid intermodulation errors on a 
500-Hz chopper, the input signal frequency must be limited to less than 250 Hz. The TLC2654 removes this 
restriction on ac performance by using a 10-kHz internal clock frequency. This high chopping frequency allows 
amplification of input signals up to 5 kHz without errors due to intermodulation and greatly reduces low- 
frequency noise. 
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uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


D942, FEBRUARY 1971 


-REVISED MAY 1988 


Common-Mode Input Range. . 


. +10 V Typical uA709AM, uA709M . .. J OR W PACKAGE 
(TOP VIEW) 


Designed to be Interchangeable with Fairchild 
uATO9A, vA709, and »A709C 


@ Maximum Peak-to-Peak Output Voltage 
Swing . . . 28-V Typical with 15-V Supplies 


description 


These circuits are general-purpose operational 
amplifiers, each having high-impedance 
differential inputs and a low-impedance output. 
Component matching, inherent with silicon 
monolithic circuit-fabrication techniques, 
produces an amplifier with low-drift and low- 
offset characteristics. Provisions are FREQ COMP B [| 


uA709AM, uA709M .. . JG PACKAGE 
uA709C ....D, JG, OR P PACKAGE 
(TOP VIEW) 


1 ) sf] FREQ COMP A 


2 


incorporated within the circuit whereby external IN - 71) Voc+ 
components may be used to compensate the IN+ []3 6 |} OUT 
amplifier for stable operation under various Vcc- 5| |] OUT FREQ COMP 


feedback or load conditions. These amplifiers are 
particularly useful for applications requiring 


uA709AM, uA709M .. . U FLAT PACKAGE 
transfer or generation of linear or nonlinear 


(TOP VIEW) 
functions. 
NC Lj@1 101) NC 
The uA7O9YA circuit features improved offset FREQ COMP B []2 91] FREQ COMP A 
characteristics, reduced _ input-current IN — 8] Vec+ 
requirements, and lower power dissipation when IN+ [4 71] out 


compared to the uA70O9 circuit. In addition, 
maximum values of the average temperature 
coefficients of offset voltage and current are NC —No internal connection 
specified for the uA7OQA. 


Veo. 146 6| | OUT FREQ COMP 
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symbol 
The uA7O9AM and uA709M are characterized OUTPUT 
for operation over the full military temperature FREQ 
range of —55°C to 125°C. The uA7O9C is COMP 
characterized for operation from O0°C to 70°C. NONINVERTING 
INPUT IN+ 
OUTPUT 
INVERTING 
INPUT IN— 
FREQ FREQ 
ComP COMP 
A B 


AVAILABLE OPTIONS 


Vio MAX 


AT 250¢ | SMALL OUTLINE] CERAMIC | CERAMIC DIP] PLASTIC DIP] FLAT PACK] FLAT PACK 
(D) (J) (JG) (P) (U) (W) 


C 
5 mV uA7O9MJ | uA7O9MJG uA7O9MU | uA7O9MW 
2 mV uA7O9AMJ| uA7O9AMJG uA7O9AMU | uA7OSAMW 


The D package is available taped and reeled. Add the suffix R to the device type when ordering, (e.g., uA7O9CDR) 


PRODUCTION DATA documents contain information 


> Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to | 
eee per yo bac of Texas rai get TEXAS 2-833 
standard warranty. Production processing does not x 
necessarily Mer testing of all parameters. INST RUMENTS 
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uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic 
Vcc+ 
> A 
a 

ae 

os 

Ww 

c F 

an 

58 

3 ro) 
Z sok 
OS OUTPUT 
@ 
= 
® 
ee 
a a 
@) 
— 
je) ‘ 
ome 
> OUTPUT 
3 INVERTING FREQUENCY 
©) erent COMPENSATION 
= NONINVERTING 
= 
=: INPUT 
@ 
= 
i? 7) 


Voc— 
Component values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + (see Note 1) 


Supply voltage Vcc — (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (either input, see Notes 1 and 3) 

Duration of output short-circuit (see Note 4) 

Continuous total dissipation See Dissipation Rating Table 


Operating free-air temperature range /-56t0 126. |. O0t0o70 | °C | 
Fook tion) Si,» aie One i Rae eet Demmaneinie Mmmm Cel) iS! Es 8s el 


NOTES:1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc -. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 V, whichever is less. 
. The output may be shorted to ground or either power supply. 
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uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING DERATE Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Tyg POWER RATING POWER RATING 
D 300 mW N/A N/A 
J (uA709__M) 300 mW 11.0 mW/°C 123°C 


PACKAGE 


JG (uA709__M) 300 mW 8.4 mW/°C 114°C 
JG (uA709C) 300 mW N/A N/A 
300 mW N/A N/A 

300 mW 5.4 mW/°C 94°C 

300 mW 8.0 mW/°C 113°C 


electrical characteristics at specified free-air temperature, VCC + = +9 V to +15 V (unless otherwise 
noted) 


uA709AM 


PARAMETER TEST CONDITIONST 
MIN TYP* MAX 


UNIT 


= 2 
8 > 
z 
x 


125°C 


Vio __ Input offset voltage Vo =0 Rg = 10 kQ aed Ee mV 
ee Rai aes 
ayig coefficient of input pV/°C 
offset voltage id ade 5 te Re et BE Gt Te See 
lio Input offset current Vo =0 -55°C eS sae Se 500 


Average temperature ~55°C to 25°C 0.45 


“od 
co 


a0 coefficient of input =0 nA/°C 


25°C to 125°C 0.08 


34 
a 


offset current 


iT} Input bias current Vo = 0 


Common-mode 
VicR . = +15 V 
input voltage range 


25°C 
-55°C 
25°C 
Full range 
25°C 
Full range 
Vec+ = +15V, Rp = 2k 25°C 
2 kQ Full range 
Ayp _Large-signal differential | Vcc + = +15 V, Ry = 2 kQ, 25°C 


0.6 
+8 +10 
+8 


H 
co 


+10 


< 
OQ 
oO 
H+ 


Veoc+ = +15V, Ry = 10 k2 


Maximum peak-to-peak 
VopP 


Nh 
ol 

° 
oO 


output voltage swing 2 


Vec+ = +15V, Ri 


Vv 


VimV 


sl 
o 


voltage amplification Vo = +10V Full range 25 


25°C 350 5 150 400 
r Input resistance 
— 55°C 85 185 


i 


Common-mode 25°C 
CMRR : Vic = Vicr min 

rejection ratio Full range 

Power supply sensitivity 25°C 
ksyvs Vcc = +9Vto t15V 

(AVi9/AVcc) Full range 


25°C 
— 55°C 
125°C 
25°C 
-55°C 
125°C 


~ 


ro) 
~) o 
ro) ro) w 
b H 
ro) © 
8 


8 


°o 
_ 
_ 
oO 


~ 
12) 
© 
Oo 


°o 


Ps 

Oo 

= 
~s 
o 


fe) 
pVIN 


2.5 3.6 
ae § 4.5 


lcc Supply current 


~ 
ol 


108 


~ 
ie°) 


165 


3 
= 


Pp Total power dissipation 


TAll characteristics are specified under open-loop with zero common-mode input voltage unless otherwise specified. Full range for uA7O9AM 
and uA709M is —55°C to 125°C. 

+All typical values are at Vcc + = +15 V. 

NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature (unless otherwise noted VCC + = +15 V) 


PARAMETER TEST CONDITIONSt 
V Input offset voltage V +9Vto +15V,V 0 
aes Quen ee : ist | Full range | 
Full range 
ect Samia d Nebeas a a | Full range | 
Full range 
IB 


' 25°C 


Input bias current Vec+ = +9Vto + 15V,Vo =0 


25°C 


Maximum peak-to-peak Full range 


output voltage swing Ri = 2 kQ 


Ry = 2 kQ Full range 


L -signal diff tial 25°C 
aoe arge-signa e vans RL < 2 ko, Vo = +10V 
voltage amplification Full range 


Pd 


VOPP 


Nh 
oO 

° 
oO 


25°C 
Input resistance 


rj 

520, Seo Nowe 5 | 25°C 
25°C 
Veo = #9V to S18 V 25°C 
SEEN No load 


T All characteristics are specified under open-loop operation with zero volts common-mode voltage unless otherwise specified. Full range 
for uA7OSC is O°C to 70°C. 
NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


sisipyduiy jeuoneisdg 


operating characteristics Vcc + = +9 Vto +15 V, Ta = 25°C 


uA709AM 


PARAMETER TEST CONDITIONS waite 


eee ol 
ee ee 


See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


10 k{2 


Vi 


---0V 


INPUT VOLTAGE 
WAVEFORM 


FIGURE 1. RISE TIME AND SLEW RATE 
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Short-Circuit Protection 
Offset-Voltage Null Capability 


Large Common-Mode and Differential 
Voltage Ranges 


No Frequency Compensation Required 
Low Power Consumption 


No Latch-up 


Designed to be Interchangeable with 
Fairchild »A741M, pA741C 


description 


The uA741 is a general-purpose operational 
amplifier featuring offset-voltage null capability. 


The high common-mode input voltage range and 
the absence of latch-up make the amplifier ideal 
for voltage-follower applications. The device is 


uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


uA741M ...J PACKAGE 
(TOP VIEW) 


uA741M ...JG PACKAGE 
uA741C ...D, JG, OR P PACKAGE 


(TOP VIEW) 


OFFSET N1[11 UW sf] NC 
IN - 71) Vcc + 
IN+L]3 6 |] OUT 
Vec-L}4 5] ] OFFSET N2 


uA741M ...U FLAT PACKAGE 


D920, NOVEMBER 1970—REVISED NOVEMBER 1988 


2 


short-circuit protected and the internal frequency (TOP VIEW) 
compensation ensures stability without external nc[fe:1 iol) NC 
components. A low potentiometer may be OFFSET N1[]2 9f]NC 


connected between the offset null inputs to null 


IN — s8L}] Vcc + 
out the offset voltage as shown in Figure 2. 


IN+ L]4 7] OUT 
The uA741M is characterized for operation over Vec-LJ5 6 LJ OFFSET N2 
the full military temperature range of —55°C 


to 125°C; the uA741C is characterized for 


Operational Amplifiers 


uA741M ...FK PACKAGE 


operation from O°C to 70°C. (TOP VIEW) 
2 
symbol sat 
o 
NONINVERTING okouNKU 
INPUT IN + BO: 2122 
OUTPUT Sa 
INVERTING 
INPUT IN — NCI} 4 18[] NC 
IN- D5 WOVec+ 
6 16 
uA741M ...L PACKAGE NCL LY NC 
(TOP VIEW) IN+ [J 7 15[] OUT 
NCI]8 14L] NC 
NC 9 10 2 
OFFSET we Wars Bom Vion Vo 
N1 VCC + Os L osg 
~ G 
7 9 
IN - ©} Out = 


NC—No internal connection 


Vcc 
PIN 4 1S IN ELECTRICAL 
CONTACT WITH THE CASE 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


Copyright © 1983, Texas Instruments Incorporated 
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uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic 
Vcec+ 
S 
INVERTING “22 
INPUT IN — a 
NONINVERTING OUTPUT 
INPUT IN + 


2 
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Supply voltage Vcc + (see Note 1) 

Supply voltage Vcc — (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage any input (see Notes 1 and 3) 

Voltage between either offset null terminal (N1/N2) and Vcc — 
Duration of output short-circuit (see Note 4) 

Continuous total power dissipation 

Operating free-air temperature range 

Storage temperature range 


FC package 


N 


2-838 


OTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc -_. 


1 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V whichever is less. 

4. The output may be shorted to ground or either power supply. For the uA741M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATING Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING 
D 5.8 mW/°C 
FK 11.0 mW/°C 
J (uA741M) 11.0 mW/°C 


PACKAGE 


JG (uA741M) 8.4 mW/°C 
JG (all others) N/A 
6.7 mW/°C 
N/A 
5.4 mW/°C 
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uA741M, wA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = 15 V, Vcc-— = -15V 


A741M 
PARAMETER TEST CONDITIONSt : 
MIN TYP MAX 


uA741C 
MIN TYP MAX 


. PERL ES SRS HME SG ees 5 eR Ss 2 
= m 
i : : P Geo wes. ae 
Offset voltage 
AV j Vo = se a4 
JOladi) adjust range ns ae 
eG. > 4-45) 20-200 || 20200 | 
| Input offset current Vo =0 ae. ee 
Full range pee eee 
80 500 80 500 
| Input bia ent Vo = 0 A 
° ae to ee eet ) 
Vv Common-mode £12 £13 £12 273 y 
ICR input voltage range Full range 
RL = 10 ka +12 +14 +12 +14 ws 
# Maximum peak RL = 10 kt Full range 3 7) 
OM output voltage swing RL = 2 kQ £10: «13 *10.. 243 ie 
RL = 2 ko Full range = 
[arge-signal differential [RL =2k@ | 26ec | 60 200 | 20 200. 
AvD pattem eg L VimV = 
voltage amplification _ [Vo = 210V__| Fullrange_| 25. Ssi«dtSC a 
[Input resistance |. STAC DIF APRMOUA PeOByy 2... | 038 2 ae ee 
Vo = O, 
lo Output resistance 0 25°C 75 75 = 
See Note 5 5 
Cj input capacitance Po a ee a a ee 
c -mod 70:90 70-90 
CMRR a pial area Vic = Vicr min © 
rejection ratio Full range 3 
Supply voltage sensitivity |Vcc = +9V | 26°C | 30180 | 30s“ = 
ksvs uV/V 
(AVio/AVcc) to +15 V Ni ee eS RS O 
Short-circuit 
output current 
curre : = 
cc aa oS ees oo ees ee 
Pp Total power dissipation No load, Vo = O mW 
= RS | Ee 


tT All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
for uA741M is —55°C to 125°C and for uA741C is O0°C to 70°C. 
NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


operating characteristics, Vcc + = 15 V, VcC-— = -—15V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


uA741M 
MIN TYP MAX 


uA741C 
MIN TYP MAX 


re AlestmeSSSCSC*d = 2 mV, CL = 2 0.3 
CL= 100 pF, See Figue1 [| 5% 


Vi = 10 V, 


SR Slew rate at unity gain RL = 2kQ, 
r i 
, ph ’ See Figure 1 
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uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 
INPUT 


——-—-0V 


INPUT VOLTAGE 
WAVEFORM 


C. = 100 pF RL = 2 ko 


TEST CIRCUIT 
FIGURE 1. RISE TIME, OVERSHOOT, AND SLEW RATE 


TYPICAL APPLICATION DATA 


i 


TO Vcec- 


sioyyduwy jeuoneisdg i 


FIGURE 2. INPUT OFFSET VOLTAGE NULL CIRCUIT 
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1jQ—Input Offset Current—nA 


100 


Ver. 


—40 


uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 


vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


=-—15V 


Moc IBY fo cot = bp Omk 


- 120 —40 0 40 80 120 
ue -Air Satie C Ta—Free-Air Temperature— C 
FIGURE 3 FIGURE 4 


VomM—Maximum Peak Output Voltage—V 


I+ I+ + tf I+ 
_— 


Vcc+ = 15 V 


Vcec— =-15V 


\ i. 
ie Ee 
PS See ee 


1jg—Input Bias Current—nA 


Operational Amplifiers Be 


MAXIMUM PEAK OUTPUT VOLTAGE 


vs 
LOAD RESISTANCE 


1 =e 

eT mniill 
eo LT 

LT 

10 

+9 

+8 

+7 


0.1 @.2 0.4. -07 1 2 4 7 10 
R_—Load Resistance—k{Q2 


FIGURE 5 
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uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL 
VS VOLTAGE AMPLIFICATION 
FREQUENCY vs 
20 SUPPLY VOLTAGE 


8 


= 
oO 


I+ + + I+ 
—_ 


Veow=18Y VT LEI 
Vec— = -—15 V 

rc=roKe UTI LIT 
Marererttemrera (GU | 


erat LIME TIN TTI EL 
CAINE TVA UTE TU 
CAINE LUI ACUTE TUT 
CN CUM AVE ELI 
CAINE LAAT ENTE TT 
a a AN 
LUI TVA 1 UTI 
1k 


200 |- Tp = 25°C 


lL Mae ee ee 
CEE 


N 
i=) 


Avp-—Differential Voltage Amplification—V/mV 


0 10 
10k 100 k 1M 0 2? 4 6 8 10°12 .14'°%6 18° 20 
f—Frequency—Hz |Vec+ |—Supply Voltage—V 
FIGURE 6 FIGURE 7 


sisipyduiy jeuoieisdg ee 
Vom—Maximum Peak Output Voltage—V 
It I+ 
oN SB 


OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 


Vcc+ = 15 V 
Vcc-— =-15V 
Vo =+10V 


Ayp-—Differential Voltage Amplification 


1 100 10 k 1M 10M 
f—Frequency—Hz 


FIGURE 8 
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CMRR—Common-Mode Rejection Ratio—dB 


uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS — 


TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE 
vs vs 
FREQUENCY ELAPSED TIME 


Vo—Output Voltage—mV 


oe 
os ie a a a, 
fee Oe 8 es ee os 


0 
1 100 10 k 1M 100 M 0 0.5 1 1.5 2 2.5 
f—Frequency—Hz t—Time—us 
FIGURE 9 FIGURE 10 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


Operational Amplifiers ak 


Vcc+ = 15 V 


\bes = 100 pF 


[fon | Nva= a 
COTE 
Cet 
Beta kee 
SCRE 
SLSR OGESR 


0 10 20 30 40 50 60 70 80 90 
t—Time—wus 
FIGURE 11 


Input and Output Voltage—V 
o 
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uA747M, uwA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


D971, FEBRUARY 1971—REVISED NOVEMBER 1988 


@ No Frequency Compensation Required D, J, OR N PACKAGE 
OR W FLAT PACKAGE 
@ Low Power Consumption (TOP VIEW) 
@ Short-Circuit Protection IN — 74K) OFFSET 1N1 
@ Offset-Voltage Null Capability IN+(J2 13[} 1 Vec+" 
OFFSET 1N2LJ3 121] OUT 
@ Wide Common-Mode and Differential Voc - nflnc 
Voltage Ranges OFFSET 2N2[15 101 ouT 
@ No Latch-Up IN+ LJ6 91] 2 Vcc+" 
: ; IN — 8{] OFFSET 2N1 
Designed to be Interchangeable with 
Fairchild »A747M and »A747C 2 
uA747M ... FK PACKAGE 
description (TOP VIEW) 
The uA747 is a dual general-purpose operational a 
amplifier featuring offset-voltage null capability. fe é 
Each half is electrically similar to uA741. ee ae ~ 
og 
The high common-mode input voltage range and 
the absence of latch-up make this amplifier ideal = i alee a 


for voltage-follower applications. The device is OFFSET 1N2[] 4 18[] OUT 
short-circuit protected and the internal frequency nct)5 171} NC 
compensation ensures stability without external Vec- [6 16[} NC 
components. A low-value potentiometer may be nct}7 1S5T}NC 


” 
does. 
© 
r= 
2 
E 
< 
© 
c 
2) 
‘ 
© 
Poe 
© 
a. 
O 


connected between the offset null inputs to null OFFSET 2N218 14[] OUT 
out the offset voltage as shown in Figure 2. 9 2 
The uA747M is characterized for operation over Lae NN 
the full military temperature range of —55°C 227-836 
to 125°C; the uA747C is characterized for is 
operation from O°C to 70°C. vg N 

Oo 


mbol h amplifier 
al bo (eac wi er) NC —No internal connection 


NONINVERTING 
INPUT IN + 


INVERTING 
INPUT IN — 


TThe two positive supply terminals (1 Vcc 4 and 2 Vcc 4) are 
OUTPUT connected together internally. 


N1 N2 


current as of publication date. Products conform to 

specifications per the terms of Texas instruments 

standard ag de Production processing does not 
u 


EXAS 
necessarily include testing of all parameters. INST RUMENTS 2-845 
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PRODUCTION DATA documents contain information ; i Copyright © 1983, Texas Instruments Incorporated 
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vA747M, wA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 
Vec+ 


INVERTING 
INPUT (IN —) 


NONINVERTING 
INPUT (IN + 1) 


OFFSET NULL 
(N2) 


OFFSET NULL 
(N1) 


Prise * 


Supply voltage, Vcc +" (see Note 1) 

Supply voltage, Vcc — (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage any input (see Notes 1 and 3) 

Voltage between any offset null terminal (N1/N2) and Vcc — 
Duration of output short-circuit (see Note 4) 

Continuous total dissipation 

Operating free-air temperature range 

Storage temperature range 


Case temperature for 60 seconds FK package 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J or W package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or N package 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc -. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the uA747M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATE Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Tg POWER RATING POWER RATING 
D 800 mW 7.6 mW/°C 
FK 800 mW 11.0 mW/°C 


PACKAGE 


J (uA747M) 800 mW 11.0 mW/°C 
J (uA747C) 800 mW 8.2 mW/°C 
N 800 mW 9.2 mW/°C 
WwW 800 mW 8.0 mW/°C 
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uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC + = 15 V, Vcc-— = -15 V 


747 
PARAMETER TEST CONDITIONST ee 
MIN TYP MAX 


uA747C 
MIN TYP MAX 


UNIT 
Vio... tnpilt offese voll Gi-= Wired OG a eR, is NE OE. GIN! 
= m 
an. el. 
SMiiedk eee 25°C +15 +15 mV 
lO(adj) adjust range on 
3 | Full range | 
om | we] a 
80 500 80 500 
lip Input bias current Full rarige Pn 800 
Vv Common-mode - Br ft a, £142. £13 y 2 
ICR input voltage range Full range 
RL = 10K Pek chet A Sa al aa “ 
Maximum peak-to-peak [RL = 10 k2 Mae a rr 
Vopp fs es 6 V «em 
output voltage swing [RL = 2 KA Se SS ae WS” SI, r= 
RL = 2 ko {CPS es 4 
a Large-signal differential | RL = 2 kQ, 50 200 Boe eee Me = 
bei voltage amplification Vo = +10V OS OS RE ae iE RG Ga I Tos m4 
To ae ee oo eee ee 
ro Output resistance | SeeNote6 ——=«dtsaeec=d|sSC*=‘iSSCS*~‘“SC“‘CS~‘S| SC‘ | @ 
Cj LT ae RS § A SE ES SS SE 
CMRR Common-mode eses y 70 90 70 90 = 
rejection ratio aA Full range © 
ksvs sensitivity Vec = +9 Vto +15 V pViIV Q. 
‘avio/aVed! Ses SRN AGAR O 

Short-circuit 

output current 

Supply current ie ot pee 
icc a No load 

(each amplifier Fulcwwe | ansiadeeesh mA cos 3d 
5 Power dissipation | No load ss ee A 

m 

P|” Geach erin Vo = OV Ss ONS RU a 
Vo1/Vo2 Channel separation | 25 CORSA | mG. ieee 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
for uA747M is —55°C to 125°C and for uA747C is 0°C to 70°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


operating characteristics, VCC + = 15 V, Vcc-— = -15 V, Ta = 25°C 


Vi=20mv, AL = 2K LE A ee 
CL = 100 pF, SeeFiguet | 6% +4 ~SiSSSCS 
Ci = 100 pF, See Figure 1 
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uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT VOLTAGE 


WAVEFORM 


Ci = 100 pF RL =2kQ 


TEST CIRCUIT Bs 


FIGURE 1. RISE TIME, OVERSHOOT, AND SLEW RATE 


TYPICAL APPLICATION DATA 
3 


TO Vcec— 
FIGURE 2. INPUT OFFSET VOLTAGE NULL CIRCUIT 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
Oe oe is 
Vcc-—=-15V 
< 00 bedicakeed Eas 
c < 300 
3 < 
ARE vill iW ok Wc tes Pog eo os ae 
> 60 = 
é S| A fewarereye | || 
3 2 200 
toe ie Gantt : SaeeSia eis. ces 
b= | 
3 pe g 
So, eel ea aa We, HR ee Ta ee 
ee = ah i Def nee fe | a 
face cae — 
ope” Peres | : 
—60 -—40 —20 0 20 40 60 80 100 120 140 —60 —40 -20 0 20 40 60 80 100 120 140 
Ta—Free Air Temperature—C Ta—Free-Air Temperature—C 
FIGURE 3 FIGURE 4 
U 
st hhars EXAS ai 
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Vcc—Maximum Peak-to-Peak Output Voltage—V 


Avp-—Differential Voltage Amplification—V/mV 


uA747M, uA747C 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 


LOAD RESISTANCE 

ey en 

racee UT TTT 
BD) 
PA ote a 
be A a 
VT, 
ATI ah 
7h 
Cr 


0.1 0.2 04 0.7 1 2 4 7... 18 
R_—Load Resistance—k{2 


FIGURE 5 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 
SUPPLY VOLTAGE 


8 10 12 14 16 18 20 
gee: Voltage- V 
FIGURE 7 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 


vs 
FREQUENCY 
CT ese 
at a he 
CONT 4-2 


| 
UL RN 
SERIA eraiieem 


Vopp—Maximum Peak-to-Peak Output Voltage—V 
nN 
ras) 


8 

4 

0 

100 1k 10k 100 k 1M 
f—Frequency—Hz 


FIGURE 6 


Operational Amplifiers —s 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
Vv 


Avp-—Differential Voltage Amplification 


1 10 100 1k 10k 100k 1M 10M 100M 
f—Frequency—Hz 
FIGURE 8 
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uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE 
VS vs 
FREQUENCY ELAPSED TIME 

fea) 

i ; 

x) 

ae hi 

£ \ > 

8 
en oe ee a 

om ® 

she iB tie 4 
o 2 > 

= S 2 
© 2 a Vec—=—-15 V 
re) 5 | RL =2kQ 
=: 8 = CL = 100 pF 
~~ = Ta =25°C 
o s 
= O 
> 
3 0 0.5 1 1.5 2 2.5 
TS f—Frequency—Hz t—Time—ps 
= FIGURE 9 FIGURE 10 
= 
” 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


Vcc+ = 15 V 
> 
i C. = 100 pF 
s Ta =25°C 
CS 
> 
S 
a 
S 
© 
TS 
i= 
bs] 
S 
a 
£ 
0 10 20 30 40 50 60 70 80 90 
t—Time—s 
FIGURE 11 
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Frequency and Transient Response 
Characteristics Adjustable 


Short-Circuit Protection 
Offset-Voltage Null Capability 


Wide Common-Mode and Differential 
Voltage Ranges 


Low Power Consumption 
No Latch-Up 


Same Pin Assignments as uA709 


description 


The uA748 is a general-purpose operational 
amplifier that offers the same advantages and 
attractive features as the uA741 except for 
internal compensation. External compensation 
can be as simple as a 30-pF capacitor for unity- 
gain conditions and, when the closed-loop gain 
is greater than one, can be changed to obtain 
wider bandwidth or higher slew rate. This circuit 
features high gain, large differential and 
common-mode input voltage range, and output 
short-circuit protection. Input offset voltage 
adjustment can be provided by connecting a 
variable resistor between the offset null pins as 
shown in Figure 12 


The uA748M is characterized for operation over 
the full military temperature range of —55°C 
to 125°C; the uA748C is characterized for 
operation from O°C to 70°C. 


uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


uA748M . . . JG PACKAGE 
uA748C ...D, JG, OR P PACKAGE 


(TOP VIEW) 


N1/comP[11 sf] comp 


uA748M . . . U FLAT PACKAGE 


(TOP VIEW) 
Nc [je1 10[]NC 
N1/COMP []2 9| |} COMP 
IN — 8L] Vcc + 
IN+ LJ4 7] OUT 
Vec=E}5 61) N2 


NC —No internal connection 


symbol 


NONINVERTING 
INPUT IN+ 
OUTPUT 
INVERTING 
INPUT IN— 


D921, DECEMBER 1970—REVISED NOVEMBER 1988 
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Operational Amplifiers 


PRODUCTION DATA documents contain information 


Copyright © 1979, Texas Instruments Incorporated 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic 

INVERTING Boar 

INPUT IN— Vec+ 
NONINVERTING 342 
INPUT IN+ 

ges OUTPUT 
PJ = 
2 peti RR, Lap 
NULL 
N2 ee he 
OFFSET Vcc- 


NULL N1/COMP 


Resistor values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


uA748M uA748C UNIT 


Supply voltage Vcc + (see Note 1) 
Supply voltage Vcc — (see Note 1) 
Differential input voltage (see Note 2) +30 


Input voltage (either input, see Notes 1 and 3) 
Voltage between either offset null terminal (N1/N2) and Vcc — | -O0.5to2 | -O5to2 | Vv | 


siaiiyduy jeuoijesadgC 


Duration of output short-circuit (see Note 4) unlimited unlimited 
Continuous total power dissipation See Dissipation Rating Table 


Storage temperature range SSSCSCSC~“~SCSC“C~SCSCS~SCSSSSSSSSC*d 0 to 180] 05 to 180] °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | JG orUpackage [300 | 300 
[Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | Dor P package [| 260 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc -. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 

. The output may be shorted to ground or either power supply. For the uA748M only, the unlimited duration of the short-circuit 


applies at (or below) 125°C case temperature or 75°C free-air temperature. 


PWN 


Ta s 25°C DERATING DERATE Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING 
D 5.8 mW/°C 


PACKAGE 


JG (uA748M) 8.4 mW/°C 


N/A 
N/A 
5.4 mW/°C 
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uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, VCC + = 15 V, VCC-— = -15 V, 
Cc = 30 pF 


7 
PARAMETER TEST CONDITIONS! ki nda 
MIN. TYP MAX | MIN. TYP MAX 


= 
Ei 


Les samme epee “id 7) Mk ee Bs ese PS ee 8 Bs 
piss: : ive | ee en 
apec, | 20200 | 20200 
lo Input offset current nA 
Fullrange | ——-s00 | ——=S~SCSC~C~C~SO 
: 25°C 80 500 80 500 
iB Input bias current nA 
Full range 800 
| 


2 


10 kQ 


Maximum peak RL = 10 kQ Full range TZ 


y Common-mode 25°C +12 +13 $1213 
CR _ input voltage range Full range 


VOM 


Vo = 0 
Vo = 0 
Vo = 0 
RL = 
output voltage swing Ri = 2 kQ 25°C SIO . +43 +7O S213 
L 
Full range +10 


RL 
A Large-signal differential | Ri = 2 kQ, 25°C 
¥P voltage amplification Vo = +10V Full range 


Pa input resistance penn ep | 
‘ ie ee 
Gi input gapeettance tsa, Yee 


© 
oO 
~ 
oO 
ice) 
o 
ay 


i 
Pp i 
i 
rejection ratio Vo = 0 Full range 7 
Supply voltage 
ksyvs__ sensitivity 


| 
~ 
oO 


Vcc = +9 Vto +15V, 


N 
or 

° 
O 
Ww 
oO 


150 


pViIV 


Operational Amplifiers 


oy 
sl 
=“ 
® 
3 
© 
@ 


H+ 
pf 
oO 


+25 +40 mA 


0 =0 
output current 
9 Ble Bie Full range 
dissipation Vo = 0 


t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
for uA748M is —55°C to 125°C and for uA748C is O0°C to 70°C. 
NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


N 
0d 
co 


(AVi9/AVccC) Vv 
: 
V 


— 
a NON TS | Mo 
wale 


. 
Ww 
wo] 
WwW} o 


operating characteristics, VCC + = 15 V, Vcc-— = -—15 V, Ta = 25°C 


A748M 
PARAMETER TEST CONDITIONS = wei 


NIT 
MIN TYP MAX MIN TYP MAX e 
CL = 100 pF, Cc = 30pF, 


Vi = 10 V, 
Ci = 100 pF, Cc = 30 pF, 
See Figure 1 


SR Slew rate at unity gain 
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uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


vi 


Soh aes 


Cc = 30 pF on 
INPUT VOLTAGE 


WAVEFORM TEST CIRCUIT 


FIGURE 1. RISE TIME, OVERSHOOT, AND SLEW RATE 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


sisuiyduiy jeuoijeisdg BW 


Vcc+ = 15 V 


uA748C 


pot Bean caiic 
Poser pigieva natok dooney ot 
pe Pg a tate] whofe 6 


: 


—60 -—40-20 0 20 40 60 80 100 120 140 -60 —40 -—20 0 20 40 60 80 100 120 140 
Ta—Free-Air Temperature— C Ta—Free-Air Temperature—C 
FIGURE 2 FIGURE 3 
i 


1;0—Input Offset Current—nA 
1}B—Input Bias Current—nA 


2-854 INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
LOAD RESISTANCE FREQUENCY 


Vom—Maximum Peak Output Voltage—V 
Vom—Maximum Peak Output Voltage—V 


Operational Amplifiers By 


0.1 0.2 0.4 0.7 1 2 4 7 10 100 10 k 100 k 1M 
Ri—Load Resistance—kQ2 f—Frequency—Hz 
FIGURE 4 FIGURE 5 
OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs vs 
SUPPLY VOLTAGE FREQUENCY 


Vcec+ = 15 V 
Vcc— = -15V 
RE =2kQ2 

Cc = 30 pF 

Ta =25°C 


Se Se 
ea ae ae 


40 


20 


Ayvp—Differential Voltage Amplification—V/mV 
Avp-—Differential Voltage Amplification 


10 
0 2 & *§ S$ 10 12. 14 ‘16°38°"26 1 10 100 1k 10k 100k 1M 10M 100M 
|Vec+|—Supply Voltage—V f--Frequency—Hz 
FIGURE 6 FIGURE 7 
TEXAS ap 
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uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE 
VS vs 
FREQUENCY ELAPSED TIME 
100 

[ea] 

7 90 

r) 

= 80 

c 

8 70 > 
2 2 

—_ ® 

e 60 2 

@ iG 
eo) 8 50 > 

= 5 Vec+ = 15 V 
TS € 40 a CC+ 
@ a 2 Vcec—=-15V 
9 §& 30 RL =2kQ 
+ § iS C= 100 pF 
o «= 20 Cc = 30 pF 
> = Ta =25C 
= § 10 
> 0 
= 1 10 100 1k 10k 100k 1M 10M 100M 0 0.5 1 1.5 2 2.5 
~. f—Frequency—Hz t—Time—s 
omy 
oo FIGURE 8 FIGURE 9 
=| 
” 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


Input and Output Voltages—V 


0 10 20 30 40 50 60 70 80 90 
t—Time—ps 


FIGURE 10 
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uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


Vec-  30pF (OPEN) 
r= 400 MOQ, to < & 
Cj = 1 pF, BW = 1 MHz 


FIGURE 11. UNITY-GAIN VOLTAGE FOLLOWER 


Rp = 2k 


Operational Amplifiers es 


ii pet - = 
=] 

= 

b] 

N 


Cc 
5.1M2 


FIGURE 12. INVERTING CIRCUIT WITH ADJUSTABLE GAIN 


COMPENSATION, AND OFFSET ADJUSTMENT 
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ng Voltage Comparators 
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| LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


D1312, SEPTEMBER 1973—REVISED MARCH 1988 


Fast Response Times LM111...J PACKAGE 
(TOP VIEW) 


Strobe Capability 


Designed to be Interchangeable with 
National Semiconductor LM111, LM211, 
and LM311 


Maximum Input Bias Current . . . 300 nA NC [j5 ~=10{] NC 
Vec-— Lj6 9{_] COL OUT 


BALANCE []7 81 | BAL/STRB 


Maximum Input Offset Current... 70 nA 


Can Operate from Single 5-V Supply 
LM111... JG PACKAGE 


description LM211, LM311...D, JG, OR P PACKAGE 
The LM111, LM211, and LM311 are single high- hit 
speed voltage comparators. These devices are EMIT OUT [(]1 U 8] Vec4 
designed to operate from a wide range of power IN+ [}2 7{_| COL OUT 


supply voltage, including +15-V supplies for IN- L]3 6|_} BAL/STRB 
operational amplifiers and 5-V supplies for logic vec 5| } BALANCE 
systems. The output levels are compatible with 
most TTL and MOS circuits. These comparators 
are capable of driving lamps or relays and 
switching voltages up to 50 V at 50 mA. All 


LM111...U FLAT PACKAGE 
(TOP VIEW) 


3 


inputs and outputs can be isolated from system EMIT OUT | J@1 101] Vcc+ 
ground. The outputs can drive loads referenced IN+ L]2 9} } COL OUT ” 
to ground, Vcc + or Vcc —. Offset balancing IN— si} NC oS 
and strobe capability are available and the NC (j4 7) BAL/STRB as 
outputs can be wire-OR connected. If the strobe Vcc- Ljs 6|_] BALANCE = 
is low, the output will be in the off state ok 
regardless of the differential input. EMO Epa Steno pee Nace cers = 
The LM111 is characterized for operation over (TOP VIEW) 5 
the full military range of —55°C to 125°C. The be 
ae @ 
LM211 is characterized for operation from re) ‘ rors) 
-25°C to 85°C, and the LM311 is bpeeey) Oo ri] 
characterized for operation from O°C to 70°C. Sees o ; 
, 321 201 > 
functional block diagram 
g NC 18] NC 
BALANCE IN + 17\] COL OUT 
NC 16L} NC 
atic IN — 15(] BAL/STRB 
NONINVERTING COL OUT NC 144 NC 
INPUT IN + Bie se te 
INVERTING S$ Sos 
INPUT IN — err Oo 2 
ae: 
aw 
< 
fea) 
NC—No internal connection 
PRODUCTION DATA documents contain information > Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to | 
mslieptos om the myo Yona name Texas es 
necessarily inclu e testing of all parameters. INST RUM ENTS 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


AVAILABLE OPTIONS 


OPERATING 
TEMPERATURE 
RANGE 
-—55°C to 125°C 
— 40°C to 85°C 
O°C to 70°C 


D SMALL FK CERAMIC J CERAMIC | JG CERAMIC | P PLASTIC U 
OUTLINE CHIP CARRIER DIP DIP DIP FLATPACK 


3 mV LM111FK LM111J LM111U 
3 mV LM211D LM211P 
7.5 mV LM311D LM311P 


The D package is available in tape and reel. Add an R suffix when ordering, e.g., LM311DR. 


LM211JG 
LM311JG 


schematic 


B/S BAL 


BAL Balance 

B/S Balance/Strobe 
COUT Collector Output 
E OUT Emitter Output 


IN+ Noninverting Input 
IN— Inverting Input 
NC No Internal Connection 


Vcc+ Positive Supply Voltage 
Vcc— Negative Supply Voltage 


Resistor values shown are nominal and in ohms. 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Dea SR. OG ERIE: i a I | M311 | UNIT 
[Supphinelie. Voc, Noe ty MC tL TV 
[Supply voRiege, Voc. eeoNomet) 9 sss dT LL te | 
Voltage from emitter output to Vcc — ea al GR es a en Re 
[Voltage from collector outputtoVcc- ———=—S~<CS~—‘—~S~C~SsS SCO CT COT COT C*' 
[Duration of output short-circuit (see Note) ———=SC~<“~—~‘“‘“~*~*~*~*~*é~CSC“‘ CO C*YT Sit dT tO —CdT sid 
See Dissipation Rating Table 
Operating free-air temperature range ==SS~S~S~*~“‘~*~*~‘“‘“~*~*~*~*~*~*~*~SC BH TO 12H] 2510 BH | OLD TO | °C 
~65 to 150 


Case temperature’ for 60 beeantis: FK Pabkene er Ce SE EE Ss SS 


Lead t erature 1,6 mm (1/16 inch) from case for 10 seconds: 
ead temperatur ( inch) fr r 300 300 300 oC 
J, JG, or U package 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: 260 °C 
D or P package 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING POWER RATING 
D 5.8 mW/°C 
FK 11.0 mW/°C 
J (LM111) 11.0 mW/°C 


PACKAGE 


J 8.2 mW/°C 

JG (LM111) 8.4 mW/°C 
6.6 mW/°C 

8.0 mW/°C 

5.4 mW/°C 


All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc -. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or + 15 volts, whichever is less. 
The output may be shorted to ground or either power supply. 


Pos 
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Voltage Comparators 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, VCC + = +15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt uMiitum211 | M311 


UNIT 
MIN. TYP* MAX | MIN TYP* MAX | owe | 
7.5 


25°C 2 
Full range 


bb aie DAs oa Py 

aaa 8 eS 

ia Ue MRSS ee ER 
SE 

fp igiee AOU See 


lio Input offset current See Note 5 
[Ful renge | farses pug ch 
lip Input bias current Vv 1Vto 14V 1 100 
ze [Full range _ 
Full ange Re Creney es 


Low-level 


liL($) | Strobe current 
(see Note 6) 
Common-mode 


VICR input voltage 


range 


Istrobe = —3 mA, 


Vip= nV, Vopesow(euamepo OE 
SSeS Oey ee ES ee ees ee ere 


High-level (collector) 
|OH 


output current 


25°C si 
toma PWD= =Smv | 25°C 


Low-level (collector- 


VoL _ to-emitter) 
output voltage 


Supply current from 


T Unless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded. 
Full range for LM111 is —55°C to 125°C, for LM211 is —25°C to 85°C, and for LM311 is O°C to 70°C. 

+All typical values are at Ta = 25°C. 

NOTES: 5. The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or 
down to 1 V with a pull-up resistor cf 7.5 kQ to Vcc +. Thus these parameters actually define an error band and take into 
account the worst-case effects of voltage gain and input impedance. 

6. The strobe should not be shorted to ground; it should be current driven at —3 to —5 mA, e.g., see Figures 13 and 27. 


Vcc +, output low 


Supply current from 


Vcc —, output high 


switching characteristics, Vcc + = 15 V, Vcc-— = -15V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Response time, low-to-high-level output 


ime, lo Rr a 00S E.oim Spt salen? eee 
Response time, high-to-low-level output a: Sai 


NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function 
and the instant when the output crosses 1.4 V. 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vec+ = +15 V 
Vo = 1Vto 14V 
See Note 8 


500 
Veoc+ = +15V 
Vo = 1Vto 14 V 450 
See Note 8 


Oo WwW 
o uo 


ea cei 
Blais imei 


CONDITION 1 i CONDITION 2 


l}o—Input Offset Current—nA 
lig—Input Bias Current—nA 
N 
o 


=> 
o ua 
> I = 


OO 


0 : 
-60 -20 O 20 60 100 140 -—60 =~ 20 *'0 20 60 100 


Ta—Free-Air Temperature— °C Ta—Free-Air Temperature — °C ” 

FIGURE 1 FIGURE 2 2 

ro] 

% 

VOLTAGE TRANSFER CHARACTERISTICS Vec+ = 30 V +V = 50 V (LM111, LM211) a. 
40 V (LM311) = 

ediwe +15 V eee re) 

+= t 
CC+ : LM111 OUTPUT © 
Ta = 25°C LM211 ae. 

50 ID | i) 
oS) 

s LM311 £ 
©) 

= > 

Zane 
COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 


OUTPUT TEST CIRCUIT FOR FIGURE 3 
RL = 1k0 


Vec+=30V 


Vo—Output Voltage—V 


OUTPUT 
- ee - ears oi 1 
Vip — Differential ae See 


FIGURE 3 


EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 8: Condition 1 is with the balance and balance/strobe terminals open. Condition 2 is with the balance and balance/strobe terminals 


connected to Vcc +. 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


Differential 
input Voltage 


Vo— Output Voltage—V 


TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


Vec+ = +15V 
Rc = 5002 to5V 
Ta = 25°C 


t—Time—ns 


FIGURE 4 


50 100 150 200 250 300 350 


Vec+ = 15V 


Differential 
Input Voltage 


Vo— Output Voltage—V 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


Vcec+ = t15V 
Rc = 50002to5V 


0 50 100 150 200 250 300 350 
t—Time—ns 


FIGURE 5 


TEST CIRCUIT FOR FIGURES 4 AND 5 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


Vcoc+ = +15V 
Re = 2kQ to -15 V 


OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES 
Heese at Se eee a5 oat ce ae 
: 5 ets ~ Saini V E . E Aaa 
£ O¢ 


Ta = 25°C 


mia 
ies? oe si Sale ae ee 


> ' 
“ae pp Ale S| & oom 
& 5 5 mV ff. a : a 
* ° 
aes War AUS | ee ce ee 
: amv LE Se SSeS ee 
an Me fall sie eed ana - AN 
? fe eat coe a fo | | 20mv— 
b -10 “ © -10 : 
oo Pee th te 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 O 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
t—Time—ys t—Time—ys 
FIGURE 6 FIGURE 7 


” 
ams 
© 
= 
4°) 
on, 
15) 
2. 
= 
\e) 
© 
® 
0) 
14] 
= 
2) 
> 


~ Vee- = -15V 


TEST CiRCUIT FOR FIGURES 6 AND 7 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT and DISSIPATION SUPPLY CURRENT FROM Vcc + 
vs vs 
OUPUT VOLTAGE SUPPLY VOLTAGE Vcc + 
6 
Vec+ = +15V < Ta = 25°C 
t < 10s F No Load 
ce 
< S) 
ae: Bite Ge i is 
| e 
~~) ° = 4 
© 3 S 
= i . 
5 a (:% Be ee 
= ge 
s Ps 5 
g g 6 
6 2 £2 
] oO 1. 
(o) | — 
= ro) “” 
a | 
oe 
3 oO 
2 
0 
0 5 10 15 
= Vo— Output Voltage—V Vcc + —Positive Supply Voitage—V 
ae FIGURE 8 FIGURE 9 
c 
@ SUPPLY CURRENT FROM Vcc — 
QO vs 
re) SUPPLY VOLTAGE Vcc — 
x?) F Vip = 10 mV or -—10 mV 
& | TA = 25°C 
o $ No load 
. : 
“ é 
2 
e 
2 
5 
© 
_ 
a 
a. 
s 
” 
| 
1 
© 
L 
Vcc — —Negative Supply Voltage—V 
FIGURE 10 
Ti wip 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


Vcc+ 


SQUARE WAVE 
OUTPUT 

(Fan out to two 
Series 54 gates 
or equivalent) 


39 k2 


FIGURE 11. 100 kHz 
FREE-RUNNING MULTIVIBRATOR 


3 


| 20 ka 
OUTPUT 


TTL 


STROBE ee 


FIGURE 13. STROBING FIGURE 14. ZERO-CROSSING DETECTOR 


Voltage Comparators 


1kQ 
OUTPUT 
TOTTL 


240 k2 
INPUTT 


T Resistor values shown are for a 0-to-30-V logic swing and a 
15-V threshold. 

= May be added to control speed and reduce susceptibility to 
noise spikes. 


FIGURE 15. TTL INTERFACE WITH HIGH-LEVEL LOGIC 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


MAGNETIC 
TRANSDUCER 


FIGURE 16. DETECTOR FOR MAGNETIC FIGURE 17. 100 kHz CRYSTAL OSCILLATOR 
TRANSDUCER FROM D/A NETWORK 


ANALOG 
INPUT 


SAMPLE 2N2222 TTL STROBE 


Typical input current is 50 pA with inouts strobed off. 


FIGURE 18. COMPARATOR AND SOLENOID DRIVER 
FIGURE 19. STROBING BOTH INPUT AND 
OUTPUT STAGES SIMULTANEOUSLY 
Vec+=5V 


si0}eiedwio0y obeijo, Hee) 


Vcc+ 


OUTPUT 
TO MOS 


10 kQ 


Vec— = —-10 V 
FIGURE 20. LOW-VOLTAGE FIGURE 21. ZERO-CROSSING 
ADJUSTABLE REFERENCE SUPPLY DETECTOR DRIVING MOS LOGIC 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


T Adjust to set clamp level. 


FIGURE 22. PRECISION SQUARER 


+5V Vcec+=5V 


LHS 
OUTPUT 


Voltage Comparators ’ 


FIGURE 23. DIGITAL TRANSMISSION ISOLATOR 


Vec+= 15V 


INPUT 


OUTPUT 


FIGURE 24. POSITIVE-PEAK DETECTOR 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


Vec+=15V 


Vec— =-15V 


FIGURE 25. NEGATIVE-PEAK DETECTOR 


Vcec+=5V 


1k2 


OUTPUT 
TO TTL 


TR1 sets the comparison level. At comparison, the photo- 
diode has less than 5 mV across it decreasing dark current 
by an order of magnitude. 


FIGURE 26. PRECISION PHOTODIODE COMPARATOR 


siojesedwo,s) abeyopn es 


Vcc+ 


£Transient voltage and inductive kickback protection 


FIGURE 27. RELAY DRIVER WITH STROBE 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


Voltage Comparators cess 


OUTPUTS 


FIGURE 29. SWITCHING POWER AMPLIFIERS 
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LM139, LM239, LM339, LM139A 
LM239A, LM339A, LM2901 
QUADRUPLE DIFFERENTIAL COMPARATORS 


D1979, OCTOBER 1979—REVISED APRIL 1988 


Single Supply or Dual Supplies LM139, LM139A... J PACKAGE 
eae ALL OTHERS ...D, J, OR N PACKAGE 
@ Wide Range of Supply Voltage ...2 to 36 V (TOP VIEW) 
e Low Supply Current Drain Independent of 


Supply Voltage ... 0.8 mA Typ 


OUT COMP 1[]1 \/14[] OUT COMP 3 


; OUT COMP 2| j2 13] | OUT COMP 4 
@ Low Input Bias Current... 25 nA Typ Voc L}3 121] GND 
e Low Input Offset Current...3 nA Typ SEM es Wh nee ges 

(LM139) #2 +{]5 10] | IN— ue 
COMP IN— 9] } IN+ » COMP 
e Low Input Offset Voltage ...2 mV Typ #1 (IN+ (47 sf }IN—) #83 
e Common-Mode Input Voltage Range 
Includes Ground LM139, LM139A 
FK CHIP CARRIER PACKAGE 

e Differential Input Voltage Range Equal to ) (TOP VIEW) 


Maximum-Rated Supply Voltage... +36 V 
@ Low Output Saturation Voltage 


@ Output Compatible with TTL, MOS, and 
CMOS 


description 


These devices consist of four independent 
voltage comparators that are designed to 
operate from a single power supply over a wide 
range of voltages. Operation from dual supplies 
is also possible as long as the difference 
between the two supplies is 2 V to 36 V and pin 3 
is at least 1.5 V more positive than the input 
common-mode voltage. Current drain is 
independent of the supply voltage. The outputs symbol (each comparator) 
can be connected to other open-collector 

outputs to achieve wired-AND relationships. 


NC—No internal connection 


NONINVERTING 


AVAILABLE OPTIONS INPUT IN+- OUTPUT 
CERAMIC | PLASTIC 
DIP 


INVERTING 
INPUT IN— 
Vio MAX 
(N) 
LM339D LM339J LM339N 
i ped li 
<a 5 mV LM239D LM239J LM239N 
to 
85°C 2mvV LM239AD LM239AJ | LM239AN 
—40°C 
lm fame fee 
125°C 
—55°C 5 mV LM139FK LM139J 
to 
125°C 2 mV LM139AFK | LM139AJ 
The D package is available taped and reeled. Add the suffix R to the 
device type when ordering. (e.g., LM339DR) 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 


POST OFFICE BOX 655012 « DALLAS, TEXAS 75265 


PRODUCTION DATA documents contain information , Copyright © 1983, Texas Instruments Incorporated 
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LM139, LM239, LM339, LM139A 
LM239A, LM339A, LM2901 
QUADRUPLE DIFFERENTIAL COMPARATORS 


schematic (each comparator) 


Voc 
(OR 
80 pA Vec+) 
CURRENT 
REGULATOR 
NONINVERTING OUTPUT 
INPUT 
INVERTING 
INPUT 
GND 
3 (OR 
Vec-) 


< absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
2. SSO ORANG Di MINOR Se Ss ae 6 no ae ied a hod Nae Ae pg ae Sg ca Dd aa gare eg s 36 V 
Q) Larorenr Mame te Women CRO INU) Se sk os i's ooo Soe ee ean se 6 eds home po Oe: Pee ee scar +36 V 
a EEE VQUAIIE FRANCO GTIMEINIDUD) 55k 5 4 sk es wo a caggetha FS epee ae ee ae —0.3 V to 36 V 
© te Wa ris aaa lar a foe 6b), ek wwe 9 AO eee EEE Seeee Oe Oe oP kin, FC nee ane cere 36 V 
©) Chaat Ceara 281 Oe AP OLS oo. cig as a Se ag ees Ee eee 20 mA 
© Duration of output short-circuit to ground (see Note 4) ........... cee ee ee ees unlimited 
3 Continuous total qissioager 22. 2B SAAS Cc ine eee be eee See Dissipation Rating Table 
b Operating free-air temperature range: LM139 ......... ccc cee ee eee ete nes —55°C to 125°C 
en Reteee, LIMES Cer es ol «betas —25°C to 85°C 
2 ee AORN... UC gta eee 0°C to 70°C 
© 2s | SEE Ammann irne nts co aide (VUE —40°C to 125°C 
77) ReaD NRY- TANCES MIENAE MINN occa Fk «50,8 0 Thin pal-agnigsintleuadiid” uae Sparta hae pace. dean ea ee —65°C to 150°C 
Case temperature for60 seconds: .FK package i... i ia ks wale we ee me A 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor N package............ 260°C 


NOTES: 2. All voltage values, except differential voltages, are with respect to the network ground terminal. 
3. Differential voltages are at the noninverting input terminal with respect to the inverting input. 
4. Short circuits from outputs to Voc can cause excessive heating and eventual destruction. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATE Ta = 70°C Ta = 85°C 
D 
FK 


7.6 mW/°C 
11.0 mW/°C 


J (LM139, ; 
LM139A) 11.0 mW/°C 


J (All others) 8.2 mW/°C 
N 9.2 mw/°C 
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electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 
LM139 LM139A 


PARAMETER TEST CONDITIONST 
MIN TYP MAX MIN TYP 
Voc = 5V to 30V, 25°C 2 5 1 


Vic =Vicrmin, Vo=1.4V 


25°C 
| Input offset current Vo = 1.4V 

25°C 
| | i t Vo =1.4V 


sei amen =e 


= 
ro| & 


< 


Vio _ Input offset voltage 


wo 
Nh 
on 


| 


< 
O 
4 
no 
eis 


. 
ao 
| 
oaks 
S 


= 


Large-signal differential voltage Vec+ = +7.5V, pens 
amplification Vo = -5Vto5V 
VOH =5V 25°C 
IOH High-level output current Vip=1V 
25°C 150 400 
“Te gts BE es 0 a EE eS 


—55°C to 125°C 700 
VoL = 1.5V 25°C 


on 
o 


AvbD 


VoL Low-level output voltage 


Supply current 
(four comparators) 


3 


loc 


g 
s|8 


T All characteristics are measured with zero common-mode input voltage unless otherwise specified. 


switching characteristics, Vcc = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS MIN TYP MAX 
Seba aa Ry connected to 5 V through 5.1 kf, 100-mV input step with 5-mV overdrive 1.3 
at Cy = 15 pF,t See Note 4 TTL-level input step 0.3 


+ C,_ includes probe and jig capacitance. 
NOTE 4: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 


SHOLVYVdINOD IWILNSYS44IG JTdNYOYND 
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electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


LM239, LM339 LM239A, LM339A 
PARAMETER TEST CONDITIONST 


MIN TYP MAX MIN TYP MAX MIN TYP 
Vio Mnput offset Veg = SVOR¥, 5 2 AS See fa 
voltage Vic =Vicn min, Vo =1.4V Full range 


© curren is ae Re 


c 
é 
+ 


a 
< 


SYHOLVYVdINOD TWILNSH34S5I0 JTdNYAVND 


| Input bias current nA 
wi é Vo = 1.4V Full range —400 


Common-mode 
VICR input voltage 
range 


iS) 
= 
~| & 
a 
> 


Large-signal Voc = 15 V, 
Ayp differential voltage | Vo = 1.4 V to 11.4 V, 
amplification RL = 15 kN to Voc 


mn 0 to 0 to 0 to 
25°C 
Voc-1.5 Voc-1.5 Voc-1.5 Vv 
0 to 0 to 0 to 
Full range 
Voc-2 Voc-2 Voc-2 


Low-level ; 25°C : 150 
“aie Vip « =1¥, tt caso | 2c 
output voltage Full range 
Low-level 
| Vin = -1V, Vo. = 1.5V 25°C 6 16 mA 
OF output current | “1? ai oe ma 
Supply current [Vo = 2.5, No load nee SK? 
PORTE 4: 0 25°C mA 
(four comparators) [Voc = 30 V, Vo = 15 V, No load RET ARSE, 


T Full range (MIN to MAX) for LM239 and LM239A is —25°C to 85°C, for LM339 and LM339A is 0°C to 70°C, and for LM2901 is —40°C to 125°C. All characteristics are measured with 
zero common-mode input voltage unless otherwise specified. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


’ Ry. connected to 5 V through 5.1 kQ, 100-mV input step with 5-mV overdrive 
Response time , 
C. = 15 pF,t See Note 5 TTL-level input step 


t C,_ includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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LM193, LM293, LM393, LM293A, LM393A, LM2903 


® Single Supply or Dual Supplies 
e Wide Range of Supply Voltage... 2 to 36 V 


@ Low Supply Current Drain Independent of 
Supply Voltage... 0.5 mA Typ 


@ Low Input Bias Current... 25 nA Typ 


@ Low Input Offset Current...3 nA Typ 
(LM139) 


e Low Input Offset Voltage ...2 mV Typ 


e Common-Mode Input Voltage Range 
Includes Ground 


® Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage... +36 V 


@ Low Output Saturation Voitage 


@ Output Compatible with TTL, MOS, and 
CMOS 


description 


These devices consist of two independent 
voltage comparators that are designed to 
operate from a single power supply over a wide 
range of voltages. Operation from dual supplies 
is also possible as long as the difference 
between the two supplies is 2 V to 36 V and pin 8 
is at least 1.5V more positive than the input 
common-mode voltage. Current drain is 
independent of the supply voltage. The outputs 
can be connected to other open-collector 
outputs to achieve wired-AND relationships. 


AVAILABLE OPTIONS 
SYMBOLIZATION 


OPERATING 
TEMPERATURE 
RANGE 
—55°C to 125°C 
—25°C to 85°C 
—25°C to 85°C 
0°C to 70°C 

LM393A | D,JG,P 0°C to 70°C 
LM2903 | D,JG,P | —40°C to 125°C 


The D package is available in tape and reel. Add an R suffix when 
ordering. (e.g., LM393DR) 


DEVICE 


LM193 
LM293 
LM293A 
LM393 


L, FK, JG 
D, JG, P 
D, JG, P 
D, JG, P 


PRODUCTION DATA documents contain information 


DUAL DIFFERENTIAL COMPARATORS 


D2232, JUNE 1976--REVISED NOVEMBER 1988 


LM193.... JG PACKAGE 
ALL OTHERS .. . D, JG, OR P PACKAGE 


(TOP VIEW) 
out 41 Us) Vcc 
IN- L]2 7{| OUT 
IN+ LJ3 6|| IN- 
GND | {4 5] | IN+ 


COMP #1 COMP #2 


LM193 ... FK PACKAGE 
(TOP VIEW) 


O 

2 

oa 
1 


nt} 1 OUT 


O 
rs 
ass 
3 


NC 18L] NC 

1 IN- 17(] 2 OUT 
NC 16[}] NC 

1 IN+ 15[{] 2 IN- 
NC 14L] NC 


10 11 12 13 


9 
ee i pee 6 coe Ot eee 8 ee 
Oa oO + 0 
Le 9 
G) = 

N 


NC —No internal connection 


LM193...L 
PLUG-IN PACKAGE 


(TOP VIEW) 
Vcc 


COMPARATOR NO. 1 


Z°ON YOLVEVdWOD 


GND 


PIN 41S IN ELECTRICAL CONTACT 
WITH THE CASE. 


symbol (each comparator) 


NONINVERTING 

INPUT IN+ 
OUTPUT 

INVERTING 

INPUT IN — 


Copyright © 1983, Texas Instruments Incorporated 


current as of publication date. Products conform to | 
pn poor per ¥ be of Texas ee 

standard warranty. Production processing does not : 

necessarily include testing of all parameters. INST RUMENTS 
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LM193, LM293, LM393, LM293A, LM393A, LM2903 
DUAL DIFFERENTIAL COMPARATORS 


schematic (each comparator) 


Vcc 
(OR Vcc +) 
80-nA 
CURRENT (_) 
REGULATOR ‘Y” 
NONINVERTING 
pee OUTPUT 
INVERTING 
INPUT 
GND 
(OR Vec-) 
3 Current values shown are nominal. 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

> BSIDDIN VONRGO, VE TOBO ONG 1) eis nace a ace & os epee bts esa eres ssa eee Are Seba aaa 36 V 
—s Brererinel- iii Wormer cee NOC oo os oa a. oe anphm Aa no ap eas Bie ee ann Se +36 V 
& ivaivuat VisCs PAMCI SRMES ONES oo ech 'v 6 bs sae aS beg ecumine « oaee os sea ae —0.3 V to 36 V 
ra) CFE PORNO aes eer as oe oo casey 0: <.  k E9o8 ap Belg aST A eae kage > ede decile jo aaah son 36 V 
oe) BET TP ga 0 EO ee a2) Sa ene Ears erate eRe EMER AN re Bias MRA SIS Sg 20 mA 
a Duration of output short-circuit to ground (see Note 3)... 1... ce ee te ee es unlimited 
=| Cer ea RISE 9g 52-52 ve Soe an 8s A gece ae See Dissipation Rating Table 
ro; Operating free-air temperature range: LM193 ... 1... wee tet eee eee —55°C to 125°C 
re) | Lees LUAQZOGA S55. ints 0 2 itn he Re Me —25°C to 85°C 
Px} PRIS RINGOGAG os es Peep a ee 0°C to 70°C 
5 RECs sea yes 4 «eo On ge ea eo —40°C to 125°C 
= Serr CHIMUR FONG a Ae oie os 5 nce a 50 5d Lncs uk ba ee —65°C to 150°C 
“” Case temperature for 60 seconds: FK package ........ cee cee ee eee ee eet eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DorP package ............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Lpackage ...........e000e 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta =125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING POWER RATING 
D 725 mW 5.8 mW/°C 
FK 900 mW 11.0 mw/°C 


PACKAGE 


JG (LM193) 900 mW 8.4 mW/°C 
JG (All others) 825 mW 6.6 mW/°C 
L 825 mW 6.6 mW/°C 

P 900 mW 8.0 mW/°C 
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electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


[ties] uzaa, masa | uwaeaa, uwaoaa | Lwzo03 
PARAMETER TEST CONDITIONST UNIT 
| MIN’ TYP MAX| MIN TYP MAX| MIN TYP MAX| MIN TYP MAX 
Vor = 5 Vi030V, SE SA RBS ee 5 OS AAT, 5 0) a P| 
Vv Input offset voltage V 
Von tN Te ee lie eee ei) ae ao See a ame 
CR” ERR 1 Re.) Sa ae 
Jot 70 Ree eR.) RRS. ! CRANES 7 ee TS 
2 aa | ES | RS | TG 
cine 4 SCO... ER RI Re 
ea input voltage ets sal 
Full range 
Voc-2 Voc-2 Voc-2 Voc-2 
= 18 V, 
Large-signal differential bi aa 25°C 50 200 VimV 
dchciia siadieselien Vo = 1.4V to 11.4 V, 
Ry = 15 kM to VCC 
VoH=5V_ Vip=1V ee Os Ue SD | 
it) ERRPent Canoes Comore ag 30 V 7 1V 
H=30V, Vip = SER CO! RRS Rs | SRA ES 
Vv (ened a ec SB Gate” eer 25°C ae ae 400; 150 400 400} ==: 150 400 400; 150 400) 400 ag 
OL ee a att «| | Fullrange 
lo. _ Low-level output current Ce a a NS EU ES BR Se es Oa SS a SR RS Be 
oe BE 9 eS RL Re | RA... OS A RA. SEE. MIO 5 
yam edi SCL) EST = | RAI) LEANER GHANIAN. 7 BF 


T Full range (MIN to MAX) for LM193 is —55°C to 125°C, for LM293 and LM293A is 25°C to 85°C, for the LM393 and LM393A is 0°C to 70°C, and for LM2903 is —40°C to 125°C. All 
characteristics are measured with zero common-mode input voltage unless otherwise specified. 

+The voltage at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end of the common-mode voltage range is Vcc + —1.5 V, but either or 
both inputs can go to 30 V without damage. 


switching characteristics, Vcc = 5V, Ta = 25°C 
PARAMETER : TEST CONDITIONS 


; Ry connected to 5 V through 5.1 kQ, 100-mV input step with 5-mV overdrive 
Response time - 
C, = 15 pF,§ See Note 4 TTL-level input step 


§ C,_ includes probe and jig capacitance. 
NOTE 4: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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Single Supply or Dual Supplies D, J, OR N PACKAGE 


OP VIEW 
e Wide Range of Supply Voltage... 2 ‘ 


to 28 Voits OUT ComP 1 [1 W14}] OUT ComP 3 
OUT COMP 2[]2 ~=‘13f] OUT COMP 4 
Vcc Lj3 121 | GND 


@ Low Supply Current Drain Independent of 


Supply Voltage ...0.8 mA Typ PS HIN 
; , COMP 2 COMP 4 

e Low Input Bias Current... 25 nA Typ IN¢+ []5 10, ] IN- 
e Low Input Offset Current...3 nA Typ COMP 1 ome a a: a e COMP 3 


e@ Low Input Offset Voltage ...3 mV Typ 


@ Common-Mode Input Voltage Range symbol (each comparator) 
Includes Ground 


e Differential Input Voltage Range Equal to meee ne 


INPUT IN+ 
Maximum-Rated Supply Voltage... +28 V OUTPUT 
e Low Output Saturation Voltage pine iy 
@ Output Compatible with TTL, MOS, and 
CMOS AVAILABLE OPTIONS 
- SYMBOLIZATION OPERATING 


description 


TEMPERATURE 
RANGE 


This device consists of four independent voltage DEVICE 


comparators that are designed to operate from a LM3302 —40°C to 85°C 


single power SUPP ly he wide range of The D packages are available taped and reeled. Add the suffix R to 
voltages. Operation from dual supplies is also the device type, when ordering. (i.e., LM3302DR) 
possible so long as the difference between the 


two supplies is 2 V to 28 V and pin 3 is at least 
1.5 V more positive than the input common-mode voltage. Current drain is independent of the supply voltage. 
The outputs can be connected to other open-collector outputs to achieve wired-AND relationships. 


Vcc 
(OR 


Vec+) 


80-uA 
CURRENT 
REGULATOR 


NONINVERTING 


INPUT OUTPUT 


INVERTING 
INPUT 


Current values shown are nominal. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INST RUM ENTS 
POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 
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LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 


° SBT AOR as REN a AR Cs A PRE RNID WE Tot EIS 0S SEE RETAIL PORTA IMD TO RRR AE OP AE LS 4 SLE A ER NS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDOIY VONAOS, VE (Hee THOS 1) uc cc swiss on w wlace nr ne 0 0 buh ceeg MOP HRS OeEOE eg RRL lata gs GliraN 28 V 
LAMPOr Tee Atiok st SENG 200 WOE) NY ce aes bc ns eee oe aw 0 Ee to ecg s ROE W doee +28 V 
INBUUNOHEGG Tare (emner MOU I oie ee a a ws ea eee © Serer aS —0.3 V to 28 V 
OV GTT Bs gag 2 aay gh a er eee eRe hs SSF) A | Rabe el ih Aor Tere or 28 V 
MR METI SE ora, GRUB SES tee. sas Seat fgnse 9S Re WA 00s V0 0k MEL Wap REE tev ee 20 mA 
Duration of output short-circuit to ground (see Note 3)... 0... .. ee ee ee unlimited 
ETIARIOUS Are MECC 5 hoya ceo 0 ov wv 00s 618 8 > 9,7 mim gee See Dissipation Rating Table 
CSBEREt OOP MN ROTINIMECTLII@UBIICIO 6 cg ves ce kee vue ie ee ea Ue De ee eee —40°C to 85°C 
SIOPACMIGITIOOIOUUTG TEINS 6 os ce he ee a eee tk ob Ohi 4 ee eek —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DorNpackage............ 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to Voc can cause excessive heating and eventual destruction. 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 85°C 
POWER RATING ABOVE Ta, = 25°C POWER RATING POWER RATING 


PACKAGE 


950 mW 7.6 mW/°C 
1025 mW 8.2 mW/°C 
1150 mW 9.2 mW/°C 


electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


Voc = 5 Vto 28 V, 


Vio Input offset voltage Vic = VICR Min, 
Vo = 1.4V —40°C to 85°C 


25°C 

| Input offset current Vo = 1.4V aE 2 

—40°C to 85°C 
: 

hip Input bias current 


—40°C to 85°C 


25°C 
Common-mode input ae 
oltage range 

ial di ~40°C to 85°C 


Large-signal differential 
voltage amplification 


siojeseduio’s) abeyopn Hee) 


Vo = 1.4V 10 11.4V, 25°C 
RL = 15 kN to Voc 


25°C 
Nich Seiad sae aera UneltV. “ious ei Lee 
igh-level output curren ID OH =100 10 85°C 
V Low-level output voltage Vip =1V | 4mA 
eee of aM be TSDC 
25°C 


[OL___Lowlevel oulput current Vio=1V,_Vor=18V 


Supply current 
| Vo = 2.5 V, No load 5 mA 
C& (four comparators) eo. ne 


tT All characteristics are measured with zero common-mode input voltage unless otherwise specified. 
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LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 


RL = 5.1 kN to SV, 100-mV input step with 5-mV overdrive 
Response time 
CL = 15 pFF, See Note 4 TTL-level input step 


+ C,_ includes probe and jig capacitance. 
NOTE 4: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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| LP111, LP211, LP311 
LOW-POWER DIFFERENTIAL COMPARATORS WITH STROBES 


D3019, JUNE 1987—REVISED MAY 1988 


Low Power Drain — 900 pW Typical with LP111... JG DUAL-IN-LINE PACKAGE 
5-V Supply LP211, LP311...D, JG, OR P PACKAGE 


(TOP VIEW) 


® 


Operates from +15 V or from a Single 
Supply as Low as 3 V emit ouT(]1 U 8[)vcc4 

; ai, IN+ | }2 71] COL OUT 
Output Drive Capability of 25 mA IN- 6 |] BAL/STRB 
Emitter Output Can Swing Below Negative Vec-L]4 _5[_] BALANCE 
Supply 


Response Time — 1.2 ys Typ 


LP111...FK CHIP CARRIER PACKAGE 


(TOP VIEW) 
Low Input Currents: = 
Offset Current... 2 nA Typ 3S 
Bias Current... 15 nA Typ emery 
o50 00 
@ Wide Common-Mode Input Range: 
- 14.5 V to 13.5 V with +15-V Supply PQ. 


Same Pinout as LM111, LM211, LM311 NC}J 4 18[] Nc 
IN+ |] 5 17] COL OUT 


Designed to be Interchangeable with NCT] 6 16[] NC 
National Semiconductor LP311 IN — 15[] BAL/STRB 


3 


NCf)8 14[] NC 
description 9 2 
rma Tt cana ee OT cae ee: 
The LP111, LP211, and LP311 are a low-power o 52 as ” 
versions of the industry-standard LMi11, £ $ rs 
LM211, and LM311. They take advantage of q + 
stable, high-value, ion-implanted resistors to “e © 
perform the same function as the LM311 series, NC —No internal connection © 
with a 30:1 reduction in power consumption but ae 
only a 6:1 slowdown in response time. Thus, functional block diagram = 
they are well-suited for battery-powered Q 
applicatiens and all other applications where fast BALANCE 
response times are not needed. They operate BAL/STRB S, 
over a wide range of supply voltages, from NONINVERTING G 
+18 V down to a single 3-V supply with less INPUT IN + auk A 
than 300 »A current drain, but are still capable @ 
INVERTING — > 
INPUT IN — 
AVAILABLE OPTIONS 
PACKAGE 
Tr ema ne OUTLINE eee CERAMIC DIP 
eee (P) 
Orc 
7.5 mV LP311D LP311JG LP311P 
zpeef me | 
Ecco 
—55°C 
to 7.5 mV LP111FK 
126°C 
The D package is available taped and reeled. Add the suffix R to the device type when ordering, 
(e.g., LP311DR) 
PRODUCTION DATA documents contain information Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS 43 3-29 
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LP111, LP211, LP311 
LOW-POWER DIFFERENTIAL COMPARATORS WITH STROBES 


description (continued) 


of driving a 25-mA load. The LP111, LP211, and LP311 are quite easy to apply free of oscillation if ordinary 
precautions are taken to minimize stray coupling from the output to either input or to the trim pins. 


The LP111 is characterized for operation over the full military temperature range of —55°C to 125°C. 
The LP211 is characterized for operation from — 25°C to 85°C, and the LP311 is characterized for operation 
from O°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDDIy- VoneGe- Ver 4.1660 NOTE Ub. ae eS ee coe oe chia g 0 ace ey kw ep ee ee eS 18 V 
SMO SCS nee ee PRE EE 5k! ke eh be iS nak ech ae ER EO ae ae a -18 V 
BETOrerrceni irae Wane AGG INOUE 2) ss. ne 0 gin ace ue ee 959 ee caine pig Mita ane, ll IEG ag aake +30 V 
Input voltage (either input, see Notes 1 and 3).............. ce eee eee ee ee eee +15 V 
MAGGOTS TUE TO VCO ey oon sc we de Ss sig ee SIRs x pk eee ee ad ae 30 V 
Voitaae Trom.coligeter- output to VCC ~ . ene 6 SH TR BPD eH 40 V 
Voltage from. collector*output:-to emitter output ... . . 26S se PS ee LS See, 40 V 
Duratiotics: OLatput Shrort-ciroust 4eee Hote 4). i. is ence Hee She one ee se ea 40 V 
EE a ee ee op See Dissipation Rating Table 
Operating free-air temperature range: LP111............ 0.0.0 ~55°C to 125°C 

EPAT ii ee Sens wale be ie = 25°C to 85°C 

Sts o05 en ES Sale Ae a ee 0O°C to 70°C 
rRNA NaNO a SS cin ig i lee RE sd Lo bs Sie Se OR wlth, He aL Te -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C 
Case temberatarecior BU SeCOndGa: FR DOGKAGO: | 8 icc <4. 5 bckaa sect ie Ro os 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... wo eC 

NOTES: All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc -. 


i 
2. Differential input voltages are at the noninverting input terminal with respect to the inverting terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage of + 15 V, whichever is less. 
4. The output may be shorted to ground or to either power supply. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING POWER RATING 
D 500 mW 5.8 mW/°C 


PACKAGE 


FK 1375 mW 11.0 mW/°C 
JG (LP111) 1050 mW 8.4 mW/°C 
JG (LP_ 11) 825 mW 6.6 mW/°C 
P 500 mW 8.0 mW/°C 


sioj}eiedwoy ebeiop, Hee 


recommended operating conditions 


Input voltage (|Vcc+ | <15 V) Voc - +0.5 Vec+-1.5 
Sagi olen Gn, Se Cid) ee ee OM 
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LP111, LP211, LP311 
LOW-POWER DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, VCC + = +15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


sae 
VID Input offset voltage RS < 100 kQ, See Note 5 mV 
Full Range 10 


: 25°C 
V 


VOL Low-level output voltage LP111 0.1 0.7 
Vip < -10 mV, Io_ = 1.6 mA, Full Range |LP211 0.1 0.4 
See Note 6 LP311 
V = 0.3 V, Vin < -—10 mV, 
Low-level strobe current (strobe) ID 25°C 100 300] ,A 
See Note 7 


(Ofott) Output off-state current | Vip > 10mV, _Vop=35v | 25°C «4 ~—~S~—t TO 


Large signal differential 
AvbD ae R_ = 5 kQ 26°C 40 100 V/mV 
voltage amplification 


lcc + Supply current from Vcc+| Vip = -50mV, RL = & Full Range 150 300 
Icc-— Supply current from Vcc—| Vip = 50 mV, RL = @ Full Range 


3 


TAIl typical values are at Vec + = +15 V, Ta = 25°C. 

NOTES: 5. The offset voltages and offset currents given are the maximum values required to drive the output within 1 V of either supply 
with a 1-mA load. Thus, these parameters define an error band and take into account the worst-case effects of voltage gain 
and input impedance. 

6. Voltages are with respect to EMIT OUT and Vcc ~ tied together. 
7. The strobe should not be shorted to ground; it should be current driven at 100 pA to 300 pA. 


switching characteristics at VCC + = +15 V, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


NOTE 8: The response time is specified for a 100-mV input step with 5-mV overdrive. 


Voitage Comparators 
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LP239, LP339, LP2901 


LOW-POWER QUAD DIFFERENTIAL COMPARATORS 


D3044, OCTOBER 1987—REVISED MAY 1988 


@ Ultralow Power Supply Current 
Drain . . . Typically 60 pA 


@ Low Input Biasing Current...3nA 

@ Low Input Offset Current... +0.5nA 
@ Low Input Offset Voltage... +2 mV 

@ Common-Mode Input Voltage Includes 


Ground 


@ Output Voltage Compatible with MOS and 
CMOS Logic 


@ High Output Sink-Current Capability 
(30 mA at Vo = 2 V) 


@ Power Supply Input Reverse-Voltage 
Protected 


Single-Power-Supply Operation 


Pin-for-Pin Compatible with LM239, LM339, 


LM2901 


description 


D, J, OR N PACKAGE 
(TOP VIEW) 


OUT COMP 1[]1 14M OUT ComP 3 
OUT COMP 2[]2 13[ JOUT COMP 4 


Vecl]3 12| JGND 
IN—[l4 nee 
P 
COMP #2 noe ie COMP #4 


IN—| ]6 9} JIN+ 


1 
ia He 8} jIN— 


COMP #3 


from O°C to 70°C. The LP2901 is characterized for operation from —40°C to 85°C. 


0°Cc 
to 


ordering (e.g., LP339DR). 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


3 


The LP239, LP339, and LP2901 are low-power quadruple differential comparators. Each device consists ” 
of four independent voltage comparators designed specifically to operate from a single power supply and (@) 
typically to draw 60-yA drain current over a wide range of voltages. Operation from split power supplies oc 
is also possible and the ultralow power supply drain current is independent of the power supply voltage. = 
Applications include limit comparators, simple analog-to-digital converters, pulse generators, squarewave ©. 
generators, time delay generators, voltage controlled oscillators, multivibrators, and high-voltage logic gates. = 
The LP239, LP339, and LP2901 were specifically designed to interface with the CMOS logic family. The 5 
ultralow power supply current makes these products desirable in battery-powered applications. 
® 
The LP239 is characterized for operation from — 25°C to 85°C. The LP339 is characterized for operation ©) 
14] 
= 
‘o) 
AVAILABLE OPTIONS > 
Vio MAX 
be 25°C SMALL-OUTLINE PLASTIC DIP CERAMIC DIP 
(D) (N) (J) 
+5 mV LP339D LP339N LP339J 
70°C 
—-25°C 
to +5 mV LP239D LP239N LP239J 
85°C 
—-40°C 
to +5 mV LP2901D LP2901N LP2901J 
85°C 
D packages are available taped-and-reeled. Add ‘’R’’ suffix to device type when 
Z Copyright © 1987, Texas Instruments Incorporated 
bh 
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LP239, LP339, LP2901 
LOW-POWER QUAD DIFFERENTIAL COMPARATORS 


schematic diagram (each comparator) 


NONINVERTING 
INPUT 
IN + 


INVERTING 
INPUT 
IN — 


< absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
= Ty SONS (ae RO INOTE REG ea kc ks eae Fe ng Ca Meeks eae Re ee a wes 36 V 
® Errerancal Wiput Vouead,. Vil) (SG NOUS 2) ee ea ees shee wa aed tes +36 V 
e SA WRLC IC EPIGT WIEIET ee a cain ses te Ne ety stra bean a ne ge be nem -—0.3 V to 36 V 
LALIT CUTIORE, Vb iach bes RG ANOLE eds -015-inie Olaeeics, a ora tired wikuin a cnaenrans -50 mA 
© Duration of output short-circuit to ground (see Note 4) ........... 0... eee eee ee eee unlimited 
© Continuous total dissipation (see Note 5) ...................04.. See Dissipation Rating Table 
3 Operating free-air temperature range: LP239 .......... 0... ce ee ee ee -—25°C to 85°C 
3 yer es ei vc 5 ene ee 0°C to 70°C 
o og Re Ble ARES hb aed Piet ls aap Arg Oa —40°C to 85°C 
> StUTaAGe LOR Ge eee eae eee int ore CTC S hes oe eT Ria Te Bee ate te ~65 °C to 150°C 
© Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 
” Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. This input current only exists when the voltage at any of the inputs is driven negative. The current flows through the collector- 
base junction of the input clamping device. In addition to the clamping device action, there is lateral n-p-n parasitic transistor 
action. This action is not destructive and normal output states are re-established when the input voltage returns to a value 
more positive than —0.3 V at Ta = 25°C. 

4. Short circuits between outputs to Vcc can cause excessive heating and eventual destruction. 

5. If the output transistors are allowed to saturate, the low bias dissipation and the on-off characteristics of the outputs keep 
the dissipation very small (usually less than 100 mW). 


DISSIPATION RATING TABLE 


Ta <= 25°C DERATING FACTOR Ta = 70°C Ta = 85°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING 
950 mW 7.6 mW/°C 


PACKAGE 


1025 mW 8.2 mW/°C 
1150 mW 9.2 mW/°C 
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LP239, LP339, LP2901 
LOW-POWER QUAD DIFFERENTIAL COMPARATORS 


recommended operating conditions 


LP2901 LP239 LP339 
[MIN NOM MAX | MIN NOM MAX | MIN NOM MAX | |" 


PARAMETER TEST CONDITIONS 


Vcc = 5Vt030V, Vo=2V,| 25°C | 
Vio Input offset voltage 
RS = O, See Note 6 | Full range +9 
i | Full range | 
Full range +4 +45 
: = 2.5 = 25 
iB ‘Input bias current See Note 7 ull renee 4 40 
y Common-mode input Sinaia sabe 0 to Vcc -1.5 
ICR voltage range . ahd Full range 0 to Vcc -2 
Large-signal differential 
Mp eee Vcc = 15 V, RL = 15 ka VimV 
voltage amplification 


Wonk Vo = 2V 25 vind 
‘ (see Note 8)| Full range mA 
eee, 


Vo = 0. 
WV. at ee, | Or 
= =0 oma v hime | 


lcc Supply current RL = © all comparators 


NOTES: 6. Vio is measured over the full common-mode input voltage range. 

7. Because of the p-n-p input stage, the direction of the current is out of the device. This current is essentially constant (i.e., 
independent of the output state). Therefore, no loading change exists on the reference or input lines as long as the common- 
mode input voltage range is not exceeded. 

8. The output sink current is a function of the output voltage. These devices have a bimodal output section that allows them 
to sink (via a Darlington connection) large currents at output voltages greater than 1.5 V, and smaller currents at output voltages 
less than 1.5 V. 


OO 


< 
oO 
o 
Pe 
@ 
@ 
2 
e 
Eo) 
5 
S. 
ce 
z 
@ 
= 
lA 
[o) 
g 
< 
oO 
C2 
| 
°o 
= 
+] 
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: 
+] 
| 
1°?) 
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Voltage Comparators 


switching characteristics, Vcc = 5 V, Ta = 25°C, RL connected to 5 V through 5.1 kQ? 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Large-signal response time rar 
; TTL logic swing, Vref = 1.4 V 
prow Jai 2G ie Farle 
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LP239, LP339, LP2901 
LOW-POWER QUAD DIFFERENTIAL COMPARATORS 


TYPICAL APPLICATION DATA 


Vcc 
NONINVERTING NONINVERTING 
INPUT INPUT 
IN + IN + jeead O— OUTPUT 
INVERTING 
— nut I 
IN - 1/4 LP239, LP339, IN - + 1/4 SN54/74LS00 
OR LP2901 1/4 LP239, LP339, OR 
OR LP2901 1/4 SN54/74ALS1000A 
FIGURE 1. BASIC COMPARATOR FIGURE 2. CMOS DRIVER 


All pins of any unused comparators should be grounded. The bias network of the LP239, LP339, and LP2901 
establishes a drain current that is independent of the magnitude of the power supply voltage over the range 
of 2 V to 30 V. It is usually necessary to use a bypass capacitor across the power supply line. 


The differential input voltage may be larger than VCC without damaging the device. Protection should be provided 
to prevent the input voltages from going negative by more than —0.3 V. The output section has two distinct 
modes of operation: a Darlington mode and a grounded-emitter mode. This unique drive circuit permits the device 
to sink 30 mA at Vo = 2 V in the Darlington mode and 700 pA at Vo = 0.4 V in the ground-emitter mode. 
Figure 3 is a simplified schematic diagram of the output section. The output section is configured in a Darlington 
connection (ignoring Q3). Therefore, if the output voltage is held high enough (above 1 V),Q1 is not saturated 
and the output current is limited only by the product of the hfg of Q1, the hrg of Q2, and |1 and by the 60-2 
saturation resistance of Q2. The devices are capable of driving LEDs, relays, etc., in this mode while maintaining 
an ultralow power supply current of 60 pA typically. 


siojesedwoy ebeijon ee 


FIGURE 3. OUTPUT SECTION SCHEMATIC DIAGRAM 


Without transistor Q3, if the output voltage were allowed to drop below 0.8 V, transistor Q1 would saturate 
and the output current would drop to zero. The circuit would be unable to pull low current loads down to ground 
or the negative supply, if used. Transistor Q3 has been included to bypass transistor Q1 under these conditions 
and apply the current |1 directly to the base of Q2. The output sink current is now approximately |1 times the 
hfe of Q2 (700 pA at Vo = 0.4 V). The output of the devices exhibit a bimodal characteristic with a smooth 
transition between modes. 


In both cases, the output is an uncommitted collector. Therefore several outputs can be tied together to provide 
a dot logic function. An output pull-up resistor can be connected to any available power supply voltage within 
the permitted power supply voltage range, and there is no restriction on this voltage based on the magnitude 
of the voltage that is applied to the Vcc terminal of the package. 
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@ Low Input Offset Voitage... 1.5 or 
0.5 mV Max 


Maximum Input Bias Current... 50 or 25 nA 


Output Response Time... 250 ns Max 
Voltage Gain... 200 V/mV Min 
@ Output Current ...50 mA Source or Sink 
+30V 
@ Can Operate from Single 5-V Supply 
@ Pin-Compatible with LM111 Series 


@ Designed to be interchangeable with Linear 
Technology LT1011 and LT1011A 


® 
° Low input Offset Current... 4 or 3 nA Max 
® 
® 


e Differential Input Voltage... 


description 


The LT1011 and LT1011A are general-purpose 
comparators that are pin-compatible with the 
LM111. The LT1011A offers significantly better 
input characteristics than the LM111: four times 
lower bias Current, six times lower offset voitage, 
and five times higher voltage gain. Additionally, 
the supply current is considerably lower than that 
of the LM111 with no loss in speed. The offset 
voltage temperature coefficient of the LT1011Ais 
15 wV/°C. The LT1011 and LT1011A are fully 
specified for dc parameters and output response 
time when operating from a single 5-V supply. 


clamps. 


— 55°C 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


LT1011, LTIO11A 
VOLTAGE COMPARATORS 


D3179, JANUARY 1989 


JG OR P PACKAGE 
(TOP VIEW) 


GND[]1 U sf)Vcc+ 

IN+{ }2 7| |OUT 

IN-|]3 6 |_|] BAL/STROBE 
Vec-L]4 5| |BALANCE 


L PACKAGE 
(TOP VIEW) 


VCC + 


GND OOD OUT 
IN+(@) © }BAL/STROBE 
IN - O@® BALANCE 


VOC 


Pin 4 (L package) is in electrical contact with the case. 


symbol 
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IN + 
i OUT n 
Oo 
hed 
i] 
Sex 
i] 
= 
© 
© 
The LT1011 and LT1011A can be used in high-accuracy (= 12-bit) systems without trimming. The devices S, 
retain all the versatile features of the LM111 including single-supply operation (3 V to 36 V) or dual-supply 
operation (+1.5 V to +18 V) and a floating transistor output with 50-mA source or sink capability. The devices 
can drive loads that are referenced to ground, the negative supply, or the positive supply, and are specified up ° 
to 50 V between VGC-— and the collector output. A differential input voltage up to the full supply voltage is > 

allowed, even with +18-V supplies, enabling the inputs to be clamped to the supplies with simple diode 

M-suffix devices are characterized for operation over the full military temperature range of —55°C to 125°C. 

C-suffix devices are characterized for operation from 0°C to 70°C. 
AVAILABLE OPTIONS 
Pah re PACKAGE 
roa x CERAMIC DIP |- METAL CAN PLASTIC DIP 
(JG) (L) oF ., 
1.5 mV LTi01iCJG LT1011CL LT1011CP 
0.5 mV LT1011ACJG LT1011ACL LT1011ACP 
a 1.5 mV LT1011MJG LT1011ML 
425°C 0.5 mV LT1011AMJG LT1011AML 
: Copyright © 1989, Texas instruments Incorporated 
1 
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standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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S97SZ SVX31 ‘SVTIVO « 710999 XO8 391540 1SOd 


BE-E 


SLNAWNYLSN] 


dye SVX4]I_ 


Resistor values shown are nominal and in ohms. 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SABER ARR EO ai sae SA NECE Sg Oe Ee aE PE PSE oe oS RTL SE 18V 
Serre OS Ete PTO aa ete a Ses oy ee ee ge eS 6 act pee -18V 
VO ie UI EEO IIPS Sook es ek ce ae kee ew Ale oes es oe CES 50 V 
05 tl RRR ee i ie eran ea eer rne! Saeed ae 40 V 

WORM E ato Gite Ee «yy 50s SPRRRGSIC RD see ck el ok > SE ey 0 4 vo i ee eee ee 30 V 
RR Oa ae rt ec x otis 5 GRNGSS bane 3p. Soa eg a Fee oe 0p ce 5V 
Ditmerenuar int vonmue tage INOIO 1) jcarcs less § cc a-ak eee sla ee eye ee RE EOS +36 V 
INDGE VONMGS cave ten Wun, SRO INGO 2) os Ng 8 vs wince s op vivo os 0 slap 4s 2 steSONME MESSE VCC+ 
Duration. oF QUIDUT sir@it Circuit (SOG: NOlG.d) ify so. ee ak one | Sergiy eee +» TSE eR 10s 
SOU EO! COR RUG ap tees es kN wae laces ee a See Dissipation Rating Table 
Operating free-air temperature range: M-suffix ... 0.0... cee eee ee es —55°C to 125°C 
RNS 6 95a ae a i Rt + a 0°C to 70°C 

Site tarineratre ranOinc... os. ay a ee Gp Al AHR oe cores ee cs —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ................ 260°C 


NOTES: 1. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
2. Inputs may be clamped to supplies with diodes so that the maximum input voltage actually exceeds the supply voltage by one diode 
drop (refer to "input protection" in the applications section). 
3. The output may be shorted to ground or to either power supply. 


DISSIPATION RATING TABLE 
Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWERRATING POWER RATING 
JG (M-suffix) 1050 mW 8.4 mW/°C 


JG (C-suffix) 825 mW 6.6 mW/°C 
L (M-suffix) 825 mW 6.6 mW/°C 
L (C-suffix) 650 mW 5.2 mW/°C 

P 1000 mW 8.0 mW/°C 


recommended operating conditions 


Supply voltage, Voc+ SRS PS 5 Sere ae. Bae ee 
Supply voltage, Voc hee hciee bes Mitlenalon sense are, Vv 


NOG ISM es yo pe th Bes 2 ea Sf abe mss cosets 

Input voltage, Vj, (see Note 4) CC a V 
Veo=singesV | 08 3 O58 =| 

Operating free-sir temperature, TA =55 125 


NOTE 4: See "Input Signal Range" under “Typical Application Data." 
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Pin 1 atOV 
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LT1011, LT1011A 
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electrical characteristics, Vcc+ = +15V, Vic = O,Rs = O, pin1 at VCC-, output at pin 7 (unless 
otherwise noted) 
T1011 LT1011A 


: 
PARAMETER TEST CONDITIONS MIN TYP MAX| MIN TYP MAX 


eo [06 16] Oa 06] 
arene P25 
beter ts Se fuiromge| peo een 
25°C BENS heel eg 
Rg s 50 kf, See Note 5 fe kee 
Fullrange| SCS 


SOA RGR) | aS YB 3 
See Note 5 Senos 
peenoes te ia SES EL EOS 
= 1.5 mA, Vo = 0 +50 -15 an 


+65 
oe 


UNIT 


Vio input offset voltage 


Average temperature 
ayvio _—- coefficient of input 
offset voltage 


Te) Input offset current 


ip Input bias current 


25°C 
ioermenen range 
oat 


ae ae 
Low-level strobe current 500 
IL(S) (See Note 7) 
Sande Ree 5 —14.5 
Full range 


RL = 1kQ to Voc+, 

“25° 200 V 
Vo = -10 Vto 14.5 V ia vi | 
Vip = —5 mV, lo, = 8 mA, 
Pin 1 at OV . Se 


Common-mode input 
VICR voltage range 


Large-signal differential 
voltage amplification 


1.5 
| Output leakage current MID = S mV, Pin 1 at —15 V, 0.2 10 0.2 
atte Ss vo = 35 (25 VforLTior10) [Falvanga| S000 


T Full range is —55°C to 125°C for the LT1011M and LT1011AM. Full range is 0°C to 70°C for the LT1011C and LT1011AC. 

NOTES: 5. These specifications apply for single supply voltages from 5 V to 30 V and dual supply voltages from +2.5 V to +15 V for the entire 
input voltage range, and for both high and low output states. The high state is lO = 100 wAand Vo = (Voc+ — 1 V). The low state 
islot s 8mAand Vo s 0.8 V., Therefore, this specification defines a worst-case error band that includes effects due to common- 
mode signals, voltage gain, and output load. 

6. Average temperature coefficient is calculated by dividing the offset voltage difference measured at minimum and maximum 
temperatures by the temperature difference. 
7. This isthe minimum current that must be drawn from the strobe to ensure that the output is off regardless of differential input voltage. 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 


electrical characteristics, Vcc + =5V,VCcC— = 0, Vic = O, Rs = O, pin i at 0 V, output at pin 7 


(unless otherwise noted) 
LTI017A 


PARAMETER TEST CONDITIONS MIN” TYP MAX | MIN TYP MAX UNIT 
i eer omnes 9 Bea Pose 

ViO Input offset voltage Rg s 50 kQ, See Note 5 aan 
Farege| 8 a 


aise Se) eS 
See Note 8 nA 


lo Input offset current Full range 
7 a es Se 
i RE 
iB Input bias current See Note 8 ange nA 
2. ae) ee 


Low-level strobe current 
IL(S) (See Note 7) 


Common-mode input 
VICR _ voltage range 


Full range 


Large-signal differential 


0.5 
to Vv 
3 
Ry = 0.5 kf. to Voc+, 25°C 
voltage amplification Vo = 0.5V to 4.5 V 
0 


AvD 


Vin=-SmV.ign=8mA |Fullrange[ CO 
VOL Low-level output voltage ID OL V 
Vin=—SmV.loL=50mA [Fullrange| «1S 


| Output leakage current ae ene 25°C 0.2 10 ee 
° ic esi Vo = 50V (40 VforLT1011C) [Fullrange| ——~—~—~=~=d8S0O | 


icG+ _ SupplycurrentfromVcc+ | SiC CS james Seek: Bs, 

icc- Supply currentfromVcc- | SSSSC~C~i CS CSYSCC‘ SCN 

t Full range is —55°C to 125°C for the LT1011M and LT1011AM. Full range is 0°C to 70°C for the LT1011C and LT1011AC. 

NOTES: 6. Average temperature coefficient is calculated by dividing the offset voltage difference measured at minimum and maximum 
temperatures by the temperature difference. 

7. This is the minimum current that must be drawn from the strobe to ensure that the output is off regardless of differential input voltage. 

8. These specifications apply for all single-supply voltages from 5 V to 30 V for the entire input voltage range, and for both high and low 
output states. The high state is lo = 100 tAand Vo = (Voc+ — 1 V). The low state is lo, s 8MAandVo s 0.8 V. Therefore, this 
specification defines a worst-case error band that includes effects due to common-mode signals, voltage gain, and output load. 


switching characteristics, Vcc + = 5V,VCC— = 0, pin1 atO V, Ta = 25°C 


LT1011 LT1011A 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX| MIN TYP MAX 


[Output responsetime [Ro =5000T5V, OL=SpF, SeoNows | 160 260| —*160~—280] ne 


NOTE 9: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the 
instant when the output crosses 1.4 V. 
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TYPICAL CHARACTERISTICST 


INPUT OFFSET VOLTAGE 
vs 
COMMON-MODE INPUT VOLTAGE OFFSET ADJUSTMENT CHARACTERISTICS 


< 
—_ 
> 
i 
> 
ie) 
7 > 
a - Change in Vio for Cu 
= = Into Pin 5 or 6 
> i>) 
i 
: ee é 
Bs 
ZL LIT] -20m 
: 
£ - 150 mV 
| 
2) 
> Vcec-— (or GND with | - 100 mV Voltage on Pins 5 and 6 
single supply) With Respect to Vcc + 
3 -50 mV 
< 0 0.10203 0405 0607-2 -1 9O -50 -25 0O 25 50 75 100 125 150 
ro) Vic —Common-Mode Input Voltage —V Ta—Free-Air Temperature— °C 
o> (Referred to Supplies) 
pe) 
° FIGURE 1 FIGURE 2 
EQ LT1011 
fe) INPUT OFFSET CURRENT INPUT BIAS CURRENT 
= vs vs 
B= | FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
& 0.9 -45 
A Vec+ = +15V 
ro) 0.8 -40 
PP; < 
' 0.7 < 35 
E st 
3 0.6 5 —30 
re) 5 
% 0.5 © -25 
” ” 
= & 
°o 0.4 a0 
3 a 
a 
‘ 0.3 ' -15 
Q 2 
= 0.2 ™ —10 
0.1 -5 
0 0 
-50 -25 0O 25  6O 75 160 125 150 -50 -25 0O 25 50 75 100 125 150 
Ta—Free-Air Temperature— °C Ta—Free-Air Temperature — °C 
FIGURE 3 FIGURE 4 
t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
Ti 4s 
3-42 EXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


LT1011, LT1011A 


VOLTAGE COMPARATORS 
TYPICAL CHARACTERISTICST 
LT1011 
INPUT VOLTAGE LIMITS INPUT CHARACTERISTICS 
vs (EITHER INPUT WITH OTHER 
FREE-AIR TEMPERATURE INPUT GROUNDED) 


Positive Limit 


Vi—Input Voltage—V (Referred to Supplies) 
lj—Input Current-nA 


-50 -25 0 25 50 75 100 125 150 =-20 = 267 24O eG 20 6. ° 490.- 76° 20 
Ta—Free-Air Temperature— °C Vi—Input Voltage—V 


FIGURE 5 FIGURE 6 


EQUIVALENT OFFSET VOLTAGE 
vs 
SOURCE RESISTANCE 


Vcc+ a oS, V ee 
Ta = 25°C SSE 11) aa Os 
oe Oa | BS he Mp" ail 
a 


| Hill 


VOLTAGE TRANSFER CHARACTERISTICS 


100 


Collector Output 
(Pin 7) 


10 


t——a- cit aoa 
ame 
SEs eae 
LT1011M, LT1011C Hp vill 


es om a | ae calllli 


LT1011AM, LT1011ACi& ee sae oaeete: 
PES SEE: erty it a 


Vo — Output Voltage—V 


Equivalent Offset Voltage—mV 


a8 1: a ES 
a a 5 
1k 10 k 100 k 1M -0.5 -03 -0.1 0 0.1 0.3 0.5 
Rs — Source Resistance— 0 Vip— Differential input Voltage—mV 


FIGURE 7 FIGURE 8 


0.1 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICST 
LOW-LEVEL OUTPUT VOLTAGE 
vs LOW-LEVEL OUTPUT VOLTAGE 
INPUT OVERDRIVE es 


LOW-LEVEL OUTPUT CURRENT 


° 


Vo._—Low-Level Output Voltage—V 
° 


VoL_—Low-Level Output Voltage—V 


0 
0 5 10 15 20 25 30 35 40 45 50 
Input Overdrive-mV lo_— Low-Level Output Current—mA 


FIGURE 9 FIGURE 10 


SHORT-CIRCUIT OUTPUT CURRENT 
AND DISSIPATION 


OUTPUT LEAKAGE CURRENT (3 MINUTES AFTER SHORT) 
vs vs 
FREE-AIR TEMPERATURE OUTPUT VOLTAGE 


140 700 
go ces Sed ae Bes Bee 
< ~~ Fo. ie | epee Rare eS Pe 600 
D ae en > 
3 —— 3 pA § 
A it a) Oe Vec+ = +15V1 400 8 
: ada el 2 E 
= 3 60 +f 300 F 
a a. 
3 Y atrcd 3 
6 t 40 4 200 ° 
1 2 O 
2 ° a 
E g 20 100 
+) OES TR RST Re See Re 
25 45 65 35 105 125 0 2 10 15 
Ta—Free-Air Temperature — °C Vo— Output Voitage—V 
FIGURE 11 FIGURE 12 


tT Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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VOLTAGE COMPARATORS 
TYPICAL CHARACTERISTICST 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vec+ = t15V 


eal (Output Low) 


Supply Current—mA 
Supply Current—mA 


Mice + and — Icc— (Output High) | and — icc — (Output Mice + and — Icc— (Output High) | 
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0 5 10 15 20 25 30 -50 -25 0) 25 50 75 100 125 
|Vcc + | —Supply Voltge—V Ta—Free-Air Temperature— °C 7) 
FIGURE 13 FIGURE 14 5 
red) 
OUTPUT SATURATION VOLTAGE © 
(GROUND INPUT) OUTPUT RESPONSE TIME 4 
vs vs iS 
OUTPUT CURRENT INPUT STEP SIZE 3 
5 1000 «> 
> Vcoc+ = +15 V 
L Ri = 500 02to5V ® 
oS) 
M4 Overdrive = 5 mV oS 
5 4 » 800 ~ 
> e a 
“ | oO 
S & > 
£3 & 600 
F E 
rad © 
5 =) 
& 2 & 400 
° a 
pS | 
2) ‘ 
Ficy $ sie ER tT | rot pea 
Bo ope One dhe vaeps cctgar oz ff | 
oO 
> 0 0 
10 20 30 40 50 Bat Be ee oe ae ee 
lo — Output Current—mA input Step—V 
FIGURE 15 FIGURE 16 
tT Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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VOLTAGE COMPARATORS 
TYPICAL CHARACTERISTICS 
OUTPUT RESPONSE OUTPUT RESPONSE 
FOR VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES 
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a. rT) 
3 -10 A 6 -10 
nie 254 a 
z : | r ) Vec+ = +15V 
® ® 
= > = > 
= 5 £5 
aS ie a 
t— = —ps t—Time—ys 
$ FIGURE 17 FIGURE 18 
md HIGH- TO LOW-LEVEL LOW- TO HIGH-LEVEL 
ral OUTPUT RESPONSE OUTPUT RESPONSE 
ra) FOR VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES 
2 % 6 6 
> 
= Kn oB | 
Hi s 
GT £4 be) 
a. 3S 
= 
@: +3 - 
oma a. 5 
2 33> Sy 
= oO 2 
~” l 7 
SS 9 


o 


Vcoc+ = +15V 


cs -< 
eC! T TTT) 
= 5 = 5 
ae re | al 
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450 
t—Time—ns t—Time—ns 
FIGURE 19 FIGURE 20 
i 


3-46 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


LT1011, LT1011A 
VOLTAGE COMPARATORS 


MaRS Die RAL At SR NEE iI eB WPL wwe EET Wt Seo AN ie alah a ACNE OL chee NLD EL ak ed Stars Total SMR wee eee ona ead Pa bk i Tai WR AONE aR HA ee, 
TYPICAL APPLICATION DATA 
preventing oscillation problems 


Oscillation probiems in comparators are often caused by stray capacitance between the output and inputs or 
between the output and other sensitive pins on the comparator. This is especially true for comparators with 
high gain and wide bandwidth, like the LT1011 (GBW = 10 GHz), that are designed for fast switching with 
millivolt input signal levels. Because oscillation problems tend to occur at frequencies around 5 MHz, where 
the LT1011 has a gain of approximately 2 V/mV, attenuation of output signals must be at least 2000:1 at 5 MHz 
as measured at the inputs. If the source impedance is 1 kQ, the effective stray capacitance between output 
and input must have a reactance of more than (2000)(1 kM) = 2 MQ, or less than 2 pF. The actual inter-lead 
capacitance between input and output pins on the LT1011 is less than 0.002 pF when cut to mounting length 
for printed circuit boards. Additional stray capacitance due to printed circuit traces must be minimized by 
routing the output trace directly away from input lines and, if possible, running ground traces next to input 
traces to provide shielding. 


Additional steps to prevent oscillation problems are: 


1. Bypass the strobe/balance pins with a 0.01-uF capacitor connected from pin 5 to pin 6 to eliminate 
stray capacitive feedback from the output to the balance pins. The balance pins are nearly as sensitive 
to stray capacitive feedback as the inputs. 


2. Bypass the negative supply (pin 4) with a 0.1-uwF ceramic capacitor close to the comparator. A 0.1-uF 
capacitor can also be used for the positive supply (pin 8) if the pull-up load is tied to a separate supply. 
When the pull-up load is tied directly to pin 8, use a 2-uF solid tantalum bypass capacitor. 


3. Bypass any slow-moving or dc input with a capacitor (= 0.01 uF) close to the comparator to reduce 
high-frequency source impedance. 


4. Keep resistive source impedance as low as possible. If a resistor is added in series with one input, 
bypass it with a capacitor to balance source impedances for dc accuracy. The low input bias current 
of the LT1011 usuaily eliminates any need for source resistance balancing. A 5-kQ imbalance, for 
example, creates only 0.25-mV offset. 


5. Use hysteresis, which consists of shifting the input offset voltage of the comparator when the outout 
changes state. Hysteresis forces the comparator to move quickly through its linear region, eliminating 
oscillations by "overdriving" the comparator under all input conditions. Hysteresis may be either ac or 
de. An ac hysteresis technique does not shift the apparent offset voltage of the comparator but 
requires a minimum input signal slew rate to be effective. A dc hysteresis technique works for all input 
slew rates but creates a shift in offset voltage dependent on the previous condition of the input signal. 
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Voltage Comparators 


The circuit shown in Figure 21 is an excellent compromise between ac and dc hysteresis. The 
0.003-uF capacitor from pin 6 to pin 8 generates ac hysteresis by slightly shifting the voltage on the 
balance pins; both pins move about 4 mV depending on the state of the output. If pin 6 is bypassed, a 
level of ac hysteresis is created that is sufficient to switch the output at a speed near the comparator’s 
maximum speed. 


A small amount of dc hysteresis is also used to prevent problems due to low values of input slew rate. The 
sensitivity of the balance pins to current is about 0.5-mV input referred offset for each microampere of balance 
pin current. The 15-MQ resistor tied from output to pin 5 generates 0.5-mV dc hysteresis. 


The circuit is especially useful for general-purpose comparator applications because it does not force any 
signals directly back onto the input signal source. Instead, it takes advantage of the unique properties of the 
balance pins to provide extremely fast, clean output switching even with low-frequency input signals in the 
millivolt range. The combination of ac and dc hysteresis creates clean oscillation-free switching with very 
small input errors. The curve in Figure 22 plots input referred error versus switching frequency for the circuit 
shown in Figure 21. Note that at low frequencies, the error is simply the dc hysteresis, while at high 
frequencies, an additional error is created by the ac hysteresis. The high-frequency error can be reduced by 
reducing Cy, but lower values may not provide clean switching with very low slew-rate input signals. 
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TYPICAL APPLICATION DATA 
INPUT OFFSET VOLTAGE 


vs 
TIME TO LAST TRANSITION 


INPUTS 


Vio— input Offset Voltage —mV 


19000 


pas —ps 
FIGURE 21. COMPARATOR WITH HYSTERESIS FIGURE 22 


input protection 


The inputs to the LT1011 are particularly suited to general-purpose comparator applications because large 
differential and/or common-mode voltages can be tolerated without damage to the comparator. Either or both 
inputs can be raised 40 V above the negative supply, independent of the positive supply voltage. Internal 
forward biased diodes conduct when the inputs are taken below the negative supply. In this condition, input 
current must be limited to 1 mA. If very large (fault) input voltages must be accommodated, series resistors 
and clamp diodes shouid be used, as shown in Figure 23. 


mnned 


NOTES: A. D1-D4 1N4148. 
B. May be eliminated for fault current < 1 mA. 
C. Seiect according to allowable fault current and power dissipation. 


FIGURE 23. LIMITING FAULT INPUT CURRENTS 


Voc+ 
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(See Note C) (See Note B) 
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TYPICAL APPLICATION DATA 


The input resistors should limit fault current to a value between 0.1 mA and 20 mA. Power dissipation in the 
resistors must be considered for continuous faults, especially when the LT1011 supplies are off. Lightly 
loaded supplies may be forced to higher voltages by large fault currents flowing through D1-D4. 


R3 and Ré4 limit input current to the LT1011 to less than 1 mA when the input signals are held below Vcc-. 
They may be eliminated if R1 and R2 are large enough to limit fault current to less than 1 mA. 


input slew rate limitations 


Inthe LT1011, step size is important because the slew rate of internal nodes increases response time for input 
step sizes larger than 1 V. For example, at 5-V step size, response time increases from 150 ns to 360 ns (see 
Figure 16). lf response time is critical and large input signals are expected, clamp diodes across the inputs are 
recommended. The slew rate limitation can also affect performance when differential input voltage is low, but 
both inputs must slew quickly. The maximum suggested common-mode slew rate is 10 V/us. 


strobing 


The LT1011 can be strobed by pulling current out of the strobe pin. The output transistor is forced to an off 
state, giving a high output at the collector (pin 7). Currents as low as —250 uA may cause strobing, but when 
the strobe current is low, strobe delay increases to between 200 ns and 300 ns. If strobe current is increased 
to —3 mA, strobe delay drops to about 60 ns. When the strobe current is 0, the voltage at the strobe pin is 
approximately 150 mV below VCC +; when the strobe current is increased to —3 mA, the strobe pin voltage is 
approximately 2 V below VCC+. Do not ground the strobe pin; it must be current driven. 
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” 

Figure 24 shows a typical strobe circuit. Note that there is no bypass capacitor between pins 5 and 6, which re 

maximizes strobe speed but leaves the comparator more sensitive to oscillation problems for slow, low-level + 

inputs. A 1-pF capacitor between the output and pin 5 greatly reduces oscillation problems without reducing © 

strobe speed. oS 

: 15V 5V 
o 
O 
OUTPUT @ 
oD) 
© 
= 
2) 
TTL OR CMOS DRIVE > 
(5-V SUPPLY) 
FIGURE 24. TYPICAL STROBE CIRCUIT 

Placing a resistor from the output to pin 5 adds dc hysteresis. See step number 5 under "preventing oscillation 

problems." 

The pin that is used for strobing (pin 6) is also one of the offset adjustment pins. Current into or out of pin 6 

must be kept very low (<0.2 uA) when not strobing to prevent input offset voltage shifts. 

output transistor 
When the LT1011 output transistor is in the off state, negligible current flows into or out of the collector or 
emitter. The equivalent circuit is shown in Figure 25. 
i 
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TYPICAL APPLICATION DATA 


Vcc+ 


COLLECTOR (OUTPUT) 


Vcec- 
Q15 OUTPUT TRANSISTOR 


EMITTER (GND PIN) 


FIGURE 25. OUTPUT TRANSISTOR CIRCUITRY 


output transistor (continued) 


In the off state, lq is switched off and both Q12 and Q15 turn off. The collector of Q15 can then be held above 
Voc-— without conducting current. The maximum voltage above Vcc — is 50 V for the LT1011 and 40 V for the 
LT1011C (these maximum voltages may exceed VCC+). The emitter can be held at any voltage between 
Voc— and VCC+ as long as the voltage is negative with respect to the collector. 


In the on state, Iq is connected, which turns on both Q12 and Q15. Diodes D1 and D2 prevent deep saturation 
of Q15 to improve speed and also limit the drive current of Q12. The R11/R12 divider sets the saturation 
voltage of Q15 and provides turn-off drive. Either the collector or emitter pin can be held at a voltage between 
Voc— and Vcoc+, which allows the remaining pin to drive the load. In typical applications, the emitter is 
connected to VCC-— or ground, and the collector drives a load tied to VCC + or a separate positive supply. 


When the emitter is used as the output, the collector is typically tied to VCC+, and the load is connected to 
ground or VCC -. Note that the emitter output is phase reversed with respect to the collector output so that the 
"+" and "—" input designations must be reversed. When the collector is tied to VCC+, the voltage at the 
emitter in the one state is about 2 V below VCc+. 


input signal range 


The input voltage range of the LT1011 is typically 300 mV above the negative supply and 1.5 V below the 
positive supply, independent of the actual supply voltages. This is the input voltage range over which the 
output will respond correctly when a voltage within the range is applied to one input and a higher or lower 
signal is applied to the other input. If one input is inside the range and one is outside, the output will be 
correct. If both inputs are outside the range, in opposite directions, the output will still be correct. If, however, 
both inputs are outside the range in the same direction, the output will not respond to the differential input; it 
will remain unconditionally off. 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 


TYPICAL APPLICATIONS 


Vcc— OR GROUND 
Vcc - 
NOTE: Vc can be greater or less than Vcc +. 


FIGURE 28. DRIVING LOAD REFERENCED TO 
FIGURE 26. OFFSET BALANCING POSITIVE SUPPLY 


Vcoc+ Vc 


INPUTS 
(See Note A) 


Vcc - 


NOTE A: Input polarity is reversed when using 
Pin 1 for output. 


OOTEs Le Rot gratin sens. pir). FIGURE 29. DRIVING LOAD REFERENCED TO 
FIGURE 27. STROBING NEGATIVE SUPPLY 


CURRENT-MODE INPUT 
(DAC, ETC) 


Voltage Comparators i 


VOLTAGE 
INPUT 


R1 
GROUND OR LOW- 
IMPEDANCE REFERENCE 


FIGURE 30. USING CLAMP DIODES TO IMPROVE FREQUENCY 
RESPONSE (See Figure 16) 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 


TYPICAL APPLICATIONS 


Vcc + 


Vc 
(See Note B) 


INPUTS 
(See Note A) 


Vcc - 


NOTES: A. Input polarity is reversed when using Pin 1 for output. 
B. Vc may be any voltage above Vcc -. Pin 1 swings 
to within approximately 2 V of Vcc +- 


FIGURE 31. DRIVING LOAD REFERENCED FIGURE 33. DIRECT STROBE DRIVE WHEN 
TO GROUND CMOS LOGIC USES SAME Vcc + 
SUPPLY AS LT1011 
a Vcec+ (Not applicable for TTL logic) 
2RyH 
3 (See Note B) 
Vcc+ 
< AL 10 ko 
o 
~ 
te) 
ie! 
oO TTL OR CMOS 
5V 
QO = 
% NOTES: A. Hysteresis is approximately 0.45 mV/yA change in 1kQ 
current in Ry. 
= B. This resistor causes hysteresis to be centered around ~ 
5 FIGURE 32. COMBINING OFFSET ADJUSTMENT FIGURE 34. COMBINING OFFSET ADJUSTMENT 
a AND HYSTERESIS AND STROBE 


3-52 TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


LT1011, LT1011A 
VOLTAGE COMPARATORS 


TYPICAL APPLICATIONS 


iS Vv 


+ 
C1 
50 uF 
‘4 Q1 (See Note B) 
2N6667 


1N4002 


MOTOR-TACH | 
GLOBE 397A120-2| 


TACH| 
cron 1 
= R5 R6 
100 kQ 2 kQ 
8 
R7 
C2 C3 1 kQ 
1 3 (See Note ail 0.1 pF 
0.1 uF = = 
ee 4 
-5VTO oe ¥ 
-15V sikeny gS 
INPUT 4°) 
NOTES: A. R3/C2 determines oscillation frequency of controller. o 
B. Q1 operates in switch mode. ©. 
FIGURE 35. HIGH-EFFICIENCY MOTOR SPEED CONTROLLER E 
O 
Vcc 
i ® 
o) 
4°) 
Bo 
o 
> 
NOTE: Output is high inside ‘‘window’' and low 
above high limit or below low limit. 
FIGURE 36. WINDOW DETECTOR FIGURE 37. CRYSTAL OSCILLATOR 
U 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 


TYPICAL APPLICATIONS 


25 kQ < Rg < 200 kQ 
(See Note C) 


15V 


C4 
af BUFFERED 
= Oe. OUTPUT 


10 kQ 
(See Note B) 
15 V 


(See Note B) 


10 kQ 
(See Note B) 


. Low drift and accurate frequency are obtained because this configuration rejects effects due to input offset voltage and input 
bias current of the comparator. 


OO 
ea 
Oo 
= 
O 
> 


B. 1% metal film. 
| < C. Rg = TRW type MTR-5/ + 120 ppm/°C. 
ro) D. Cy = 0.015 wF = polystyrene : 120 ppm/°C +30 ppm WESCO type 32-P. 
= E. Comparator contributes < 10 ppm/°C drift for frequencies below 10 kHz. 
= FIGURE 38. LOW-DRIFT R/C OSCILLATOR 
© 3.9 kQ 
°o R1 tn) LM329 
3 1 kQ IV 
FULL-SCALE By 
TS TRIM 
@ R2 ah pF 
(See Note) te 
© R3 0.001 
~* 6.49 kQ 6.98 kO 
ro) 15 V 
=| 20 14 15 i6 17 INPUT 
~” 0-10 V 
= R4 5V 
6012 12-BiT (See Note) 
13 D/A CONVERTER 
| Le 
PARALLEL : PARALLEL 
OUTPUTS *) © = OUTPUTS 
: ia |9 SERIAL OUTPUT gn7475 
5V 24 


AM2504 
SAR REGISTER 


: LATCH 


= = START CLOCK f= 1.4 MHz 


NOTE: R2 and R4 should TC track. 
FIGURE 39. 10-ys 12-BIT A-D CONVERTER 
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LT1011, LTI011A 
VOLTAGE COMPARATORS 


TYPICAL APPLICATIONS 


OUTPUT 
60 Hz 


NOTES: A. Increase R1 for larger input voltages. 
B. LT1011 self-oscillates at approximately 60 Hz, thereby ‘‘locking’’ onto incoming line signal. 


FIGURE 40. NOISE-IMMUNE 60-Hz LINE SYNCHRONIZATION 


3 


R4 R7 
15 V 1 MQ 4.7 kf ” 
15V 
R1 C1 ro) 
4.7 kQ 0.002 uF gud 
POLYSTYRENE © 
© 
a oe. 
5 kQ = 
FULL-SCALE a ie} 
INPUT _» ‘RIM © 
0-10 V R3 ey LINEARITY = 0.01% ® 
8.06 kf 
0.68 pF~]~ oS) 
15 V = 3°] 
10 Hz R16 2 Ad 
TRIM 50kOS™ pry ro) 
(See Note C) 
22 MO > 
-15V 
TTL OUTPUT 
10 Hz-100 kHz 
1.5 us—pl e— 
R15 
22 kQ 
Q1 
(See Note B) 


NOTES: A. All diodes 1N4148, transistors 2N3904. 
B. Used only to guarantee start-up. 
C. R17 may be increased for better 10-Hz trim resolution. 


FIGURE 41. 10-Hz TO 100-kHz VOLTAGE-TO-FREQUENCY CONVERTER 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 


TYPICAL APPLICATIONS 


(See Note B) 
Te 
(See Note A) 


NOTES: A. Mylar 
B. Set for required reset time constant. 


FIGURE 42. POSITIVE PEAK DETECTOR 


i5 Vv 
< OUTPUT 
o (See Note B) 
> 
pe) INPUT 
cc 
@ 
© -15V Tae Note A) 
3 NOTES: A. Mylar 
Q) B. Select for required reset time constant. 
= 
a4 FIGURE 43. NEGATIVE PEAK DETECTOR 
‘e) 
=] 
” 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 


TYPICAL APPLICATIONS 


100 pF 


3 


NOTES: A. The comparators drive the opto-coupled FET ‘‘on’’ when the difference between the output and the input exceeds threshold. 
When the output approaches the input, the FET turns ‘‘off’’ and low-pass filtering occurs. 
B. From Theta-J Corporation, Woburn, Massachusetts. 


FIGURE 44. FAST-SETTLING FILTER 


Voltage Comparators 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 


TYPICAL APPLICATIONS 


12 kQ 


HP5082-2800 (4) 


RECTIFIED 
OUTPUT 


3 15V 
ZERO Pig 
< TRIM a 15V 5V 
4.7 kQ R6 
o onis C5 4.7 ko 
0.01 pF 

ps | } 4 6 

aa = 0.01 pF 

@ 3 3 1 CLOCK QUTPUT = 1 COUNT 
fo 4 1 MHz PER mV, f=1 MHz 
re) i AG : R7 -16V = 

aN j € 
a2) R3 i5SV 

© 3.9k0 bogs 

=y C1 c2 0.1 uF R11 

a) “TSee Note B) (See Note C) = 6.8 kQ 

— R4 -15V) =0.1 uF 15 pF = 

QO 56k2 

oy ~ it R10 

we ; 15 V D3 1 k0 Q) ry 

FULL- 
R SCALE J, 
R8 3.65 kQ TRIM -) 
3 ko D4 2N3904 
= C6 
50 pF 
LM329 
START 


NOTES: A. All diodes 1N4148 
B. Polystyrene 
C. NPO 


FIGURE 46. 4-DIGIT (10,000-COUNT) A-D CONVERTER 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 


TYPICAL APPLICATIONS 
TH = [Cyax (pF)] (1 us/pF] 
aie AS TL 2 10 + Cymax + (1 us/pF) 
TTL OR CMOS D1 
(OPERATING 
ON 5 V) 


10 pF 
(See Note B) 


3 


D3 


oe, (See Note B) 


(See Note B) 


. 10 uF 
(See Note B) 


coe — 
- _ 


NOTES: A. PW = (R2 + R3) « (C) « [((R1 + R4)/R1]. The input capacitance of the LT1011 is approximately 6 pF. This is an offset term. 
B. These components may be eliminated if negative supply is available (— 1 V to —15 V). 
C. Typical two sections of 365-pF variable capacitor when used as shaft-angle indication. 


FIGURE 47. CAPACITANCE-TO-PULSE-WIDTH CONVERTER 


Voltage Comparators 
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LT1016 
ULTRA-FAST PRECISION LATCHED COMPARATOR 


D3242, MAY 1988—REVISED MARCH 1989 


Ultra-Fast .. . 10 ns Typ tpg D, JG, OR P PACKAGE 


TOP VIEW 
Operates from Single 5-V or Dual +5-V 


Supply 
Complementary TTL Outputs 


Low Input Offset Voltage .. . 0.8 mV or 


1 mV Typ 
@ No Minimum Input Slew Rate Requirement L PACKAGE 
(TOP VIEW) 
No Supply Current Spiking 
VCC + 


Output Latch 


description 


The LT1016 is an ultra-fast comparator 
specifically designed to interface directly to TTL 
logic while operating from either a dual +5-V 
supply or a single 5-V supply. The LT1016 offers 
tight offset voltage specifications and high 
gain for precision applications. Matched NC—No internal connection. 
complementary outputs further extend the 
versatility of the LT1016. 


“ 


All leads of the L package are electrically insulated from the case. 


The LT1016 features a unique output stage that provides active drive in both directions for maximum speed ” 
into TTL-logic or passive loads yet does not exhibit the large current spikes normally found in totem-pole g 
output stages. This eliminates the need for a minimum input slew rate typical of other fast comparators. o 
The LT1016’s ability to remain stable with the outputs in the active region greatly reduces the problem G 
of output ‘’glitching’’ when the input signal is slow moving or is at a low level. a. 
The LT1016 has a true latch for retaining input data at the outputs. The outputs remain latched as long : 
as the latch enable input LE is high. Quiescent negative supply current is only 3 mA, about ten times lower q 
than competitive units. This feature reduces die temperature and allows the negative supply pin to be driven 
from virtually any supply voltage with a simple resistive divider. Device performance is not affected by “3 
variations in negative supply voltage. oc 
apd 
The LT1016M is characterized for operation over the full military temperature range of —55°C to 125°C. Oo 
The LT1016C is characterized for operation from O°C to 70°C. > 
AVAILABLE OPTIONS 
Ta SMALL OUTLINE CERAMIC DIP METAL CAN PLASTIC DIP 
(D) (JG) (L) (P) 
ad 
to LT1016CD LT1016CJG LT1016CL LT1016CP 
70°C 
-—55°C 
LT1016MJG LT1016ML 
The D package is available taped and reeled. Add the suffix R to the device type (e.g., 
LT1016CDR). 
PRODUCTION DATA documents contain information Copyright © 1988, Texas Instruments Incorporated 
current as of publication date. Products conform to A, 
specifications per the terms of Texas Instruments TEXAS 3-61 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INST RUMENTS 
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LT1016 
ULTRA-FAST PRECISION LATCHED COMPARATOR 


AN BRA ALE BA he AEE RE Se AY AIBA BI i ie a Nae LENS tee Pk aT ER RT A 9 Si 2 UR RSE STS ELT AS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vor. (eee Note 1)... ss scee in a8 OS ee tN oe VIR, Ute ieee Ye 
es rE Be he Sis. aes soca wits Qu ene © aCe SRS wg ele ws oe age eh -7V 
Lair arrs ce ee TO TAOS 2) es oa a we 3s 0 3 8 8s ea Se ee a t5V 
SENISERT QU Merneh RIAN RIE 18 os oo a ow oe Seale. goed ale dk * sag 0. Rp uaiCe FEN ep ae Ee eens VcC+ 
Latch Grabs Wie VONIS OY 6 oe cnc nce se eee oe OIA ee © Oe, Set Cae ee VcC+ 
PRN EE ger aa sak > pt cscsy Oats dae wens 6.9.9 i pep AES oe en ee +20 mA 
Operating free-air temperature range: LT1016M ............ 2.00 ee eee eee - 55°C to 125°C 

Bi ie os |. eh en eee Marip eel She GQ ROE ei pcre O°C to 70°C 
SUOPDOS THING ATID THIS. oso eo ole wrk Bas a's oe owe 0 penne al tana -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: L package ............ 300 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc -. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The output may be shorted to ground or to either power supply. 


recommended operating conditions 


Supply voltage, Vcc + 


Supply voltage, Vcc — 
V = +15 V -3.75 3.5 
Input voltage, V| a =5V,Vcc_ =0 
+ = ' — * 


Operating free-air temperature, Ta 


siojeieduioy obeyo, es) 
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LT1016 
ULTRA-FAST PRECISION LATCHED COMPARATOR 


electrical characteristics, VCC + = 5V,VCC-— = -—5V,Vo(Q) = 1.4V, LE at O V (unless otherwise 
noted) 


Cc 
% F 
= 


PARAMETER TEST CONDITIONS Pomat batt ee MAX]. MIN oe : MAX 


input offest voltage ere) 6a a 
vo ais se 
(see Note 4 Fulringe | 


Average temperature 
aVig coefficient of input 
offset voltage 


Input offset current 
10 (see Note 4) 
IB 


pV/°C 


© 

Ww 
. 
> 


oi 


mn 
. 
7. 
® 
=] 
a 
oO 

_i— 

wW}]o a 


-3.75 
to 
Common-mode input 3.5 
voltage range 1.25 1.25 
to to 
3.5 3.5 
vi tot voteoe | te 3 
TE low oo ae) eee 
Vec+ = 4.6 V, Io = 1mA 
output voltage Paks ee a “ 
Vo. bowlevel ee 3G 
output voltage | ig = 10mMA | 25K 0.4 en: SS S 
Small-signal be 
Avp differential voltage Vo =1Vto2V 1400 3000 V/V “4 
amplification = 
omen [venanvesv fuwe| |» [@|é 
rejection ratio © 
Positive supply, 60 eee a) 
Supply voltage Vec+ = 46Vto5.4V oS) 
R rejection ratio Negative supply, rae pige ey A) 
80 ~~ 
Vcoc- =2Vto7V O 
> 


ee cc 
from Vcc + j 
from Vcc — 
ee ees ee 
current 


TFull range is —55°C to 125°C for the LT1016M. Full range is O°C to 70°C for the LT1016C. 
NOTES: 4. Input offset voltage is defined as the average of the two voltages measured by forcing first one output and then the other 
to 1.4 V. Input offset current is defined in an analogous way. 
5. Input bias current is defined as the average of the two input currents. 


5 
500 500 


. 
> 


Bo 
> 
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LT1016 
ULTRA-FAST PRECISION LATCHED COMPARATOR 


switching characteristics, Vcc + = 5 V, Vcc— = —5 V, LE at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
[atch minimum setup time le, a RRR 


Ay, = 100 mV, 5-mV overdrive, a 
TFull range is —55°C to 125°C for the LT1016M. Full range is O°C to 70°C for the LT1016C. 


See Note 6 Full range 
NOTE 6: tpg and Atpg cannot be measured in automatic-handling test equipment with low values of overdrive. The LT1016 is tested 


AV| = 100 mV, 20-mV overdrive, | 25°C | = 10 14) 
with a 1-V step and 500-mV overdrive. Correlation testing indicates that tpg and Atpg limits shown can be met with this test. 


See Note 6 Full range 
For low overdrive conditions, Vic is added to the overdrive. 


tod Propagation delay time 


; ; Ay, = 100 mV, 5-mV overdrive, a 
Atog Differential propagation delay Snake 28°C 3 


< 
o 
o> 
® 
ie} 
@ 
o) 
© 
3 
Zo) 
pe} 
= 
pe) 
ede. 
° 
i? 2) 
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TL3311, TL331C 
DIFFERENTIAL COMPARATORS 


D2344, APRIL 1977—REVISED OCTOBER 1988 


Single Supply or Dual Supplies D, JG, OR P PACKAGE 
(TOP VIEW) 


@® Wide Range of Supply Voltage 
2 to 36 V 


@ Low Supply Current Drain Independent of 
Supply Voltage .. . 0.8 mA Typ 


Low Input Bias Current... 25 nA Typ 


NC —No internal connection 
Low Input Offset Current 


3 to 5 nA Typ AVAILABLE OPTIONS 
Low Input Offset Voltage ... 2 mV Typ 


CERAMIC 
OUTLINE DIP DIP 
( (JG) ( 


D) P) 
o°c 
TL331CD | TL331CJG | TL331CP 
70°C 
- 25°C 
TL331ID | TL331IJG | TL331IP 
85°C 


The D package is available taped and reeled. Add the suffix R to 
the device type (e.g., TL331CDR) 


PLASTIC 


Common-Mode Input Voltage Range 
Includes Ground 


® Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage... +36 V 


@ Low Output Saturation Voltage 


Output Compatible with TTL, MOS, and 
CMOS 


description 


The TL331 is a voltage comparator that is ” 
designed to operate from a single power supply i) 
over a wide range of voltages. Operation from dual supplies is also possible so long as the difference between © 
the two supplies is 2 V to 36 V and pin 7 is at least 1.5 V more positive than the input common-mode % 
voltage. Current drain is independent of the supply voltage. so 
The TL3311 is characterized for operation from — 25°C to 85°C. The TL331C is characterized for operation = 
from O°C to 70°C. © 
schematic S, 
Vec (OR V ) © 
80-pA cc CC+ ¥ 
CURRENT ro) 
REGULATOR > 
NONINVERTING OUTPUT 
INPUT IN + 
INVERTING 
INPUT IN —- 
GND (OR Vcc -) 
Current values shown are nominal. 
PRODUCTION DATA documents contain information Copyright © 1979, Texas Instruments Incorporated 
ceric 3 pales ame Pree ota 4 
speci 
steadard worreats . Production processing does not EXAS 3-65 
necessarily include testing of all parameters. INST RUMENTS 
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TL3311, TL331C 
DIFFERENTIAL COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Ver tees Note 1)... 355.56 eo. ee ts RO ine. Soe apie 36 V 
Direrentia: tree Womemecneee NOTE 2) a ck See cu ele ec ae as we woes Wace ae +36 V 
Sr OS SS SY eS a eee er eS Phe eh deere ie -0.3 V to 36 V 
COLEUS WERE et ov STEUER ssc eC ececw SYDG Seal a g.o 0 ace Up a gaan a GREE S Wace Rae ENERE af Sie ees 36 V 
STOTT: COMPUT Re MBE II San gare, by hclk Seas RA >. Anu (xi 5! 2 RE RE al CPE ee AE 20 mA 
Duration of output short-circuit to ground (see Note 3) .......... 2.0 eee eee unlimited 
CCONIUSkie LO EIEN | os cg so oR aed Decca ea sw eek eae See Dissipation Rating Table 
Operating free-air temperature range: TL3311 ............ 0. ce eee ee ee ee eee — 25°C to 85°C 

Mees. 5 ee ta dg ode ack A o'r to: 70°C 
Storade LOmmerature- Fangs: sos ce ew vlc ee a) GS Ue BEY Saat —-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ......... 260°C 


NOTES: 1. Ail voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to Vcc can cause excessive heating and eventual destruction. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING 


PACKAGE 


5.8 mW/°C 
6.6 mW/°C 
8.0 mW/°C 


recommended operating conditions 


TL3311 TL331C 
ee” | 


Supply voltage, Vec HEL MESEROAG 5 

Common-mode input voltage, V veo Se Nae ESE Ae 
- inpu ‘ 

ptt OOS vec = 0 er ner 6 

Operating free-air temperature, Ta eo eee 
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TL3311, TL331C 
DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt sae) TL331C 


Voc = 5 V to 30V, Lis Se PSRs ee ke SE te 
Vio ‘Input offset voltage k 
Vic = Vicr min, Vo = 1.4V |Fullrange] SSC] SC~SS 
5 Es EE AS SE ee 
lio Input offset current Vv 1.4 V —— 
ALS 2 a | 2 SER | a 
: cece 


6) = 
. Fall range 
Ful range 
ee Nn. i Sige 
Vcc = 5 V to 30V — oe. 
Fat renge| yoy | Voc-2 
V = 16V, 
Large-signal differential cc 
voltage amplification NG |= TeV TAY, 25°C 200 
: ‘ Rt = 15kQ to Vcc 


Common-mode input 


voltage range 


——Fighieve agen SPL Ie Ss SN re 

OH output current =” Vou = 30V |Fullrengs] SST CSC A 
Low-level 150 400 150 400 

VOL Vip = -1V, lol = 4mA 
output voltage Full range 
Low-level 

| Vip = -1V, VoL = 1.5 V 25°C 

is output current ‘i se oe epee 

Icc Supply current Vo = 2.5 V, No load 25°C 0.5 0.8 Rae ee 


T Full range (MIN to MAX) for the TL3311 is — 25°C to 85°C and for the TL331C is 0°C to 70°C. All characteristics are measured with 
zero common-mode input voltage unless otherwise specified. 


switching characteristics, VCC = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS 


: Ri connected to 5 V through 5.1 kQ, | 100-mV input step with 5-mV overdrive 
Response time t - 
CL = 15 pF, See Note 4 TTL-level input step 
roy includes probe and jig capacitance. 
NOTE 4: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 


D999, OCTOBER 1977—REVISED MARCH 1988 


J OR W PACKAGE 
(TOP VIEW) 


Fast Response Times 
High Differential Voltage Amplification 


Low Offset Characteristics AMPLIFIER 


# 1 


AMPLIFIER 
Outputs Compatible with Most TTL Circuits fl 


description 


; : AMPLIFIER 
The TL514 is an improved version of the TL720 #2 


dual high-speed voltage comparator. When 
compared with the TL720, these circuits feature 
higher amplification (typically 33,000) due to an FK CHIP CARRIER 
extra amplification stage, increased accuracy (TOP VIEW) 

because of lower offset characteristics, and 
greater flexibility with the addition of a strobe 
to each comparator. Since the output cannot be 
more positive than the strobe, a low-level input 
at the strobe will cause the output to go low 
regardless of the differential input. 1 Vcc+ U4 18L] IN + 


era ‘all Fue NC U5 17LU, NC 
These circuits are especially useful in nce 16f1 GND 


applications requiring an amplitude discriminator, neh? istiNC 
memory sense amplifier, or a high-speed limit 2 IN+f8 14012 Vec4 
detector. The TL514M is characterized for 
operation over the full military temperature range 
of —55°C to 125°C. 


AMPLIFIER 
#2 


rely 
O 
Of 
> 
Bt gas 


cO 
oc 
ie 
ie) 
on 
3 


n{]} 1 OUT 


O 

2 

re 
1 


20 19 


2 OUT J 
2 STRB | 


9 
we 
| 
< 
N 


symbol (each comparator) 


STRB NC —No internal connection 


NONINVERTING 
INPUT IN+ 


INVERTING 
INPUT IN— 


OUTPUT 


PRODUCTION DATA documents contain information ‘ 
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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 


schematic (each comparator) 


Vec+ 


STROBE 


OUTPUT 


NONINVERTING 
INPUT IN+ 
INVERTING 
INPUT IN— 


GND 


siojeseduio4y) obej0A es 


Vcc— 
Resistor values shown are nominal in ohms. 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
SOY VONGGG her Seber NORG UE. io a ee hs Ol Oe le OS Sa OU ee ae Veet 14 V 
SO OR Te eg) oe TS ei Se ne an ee nearer. ne one. cee -7V 
CAareeretnine IIE. OME (SOE MOEO 2) 5G as HS Ss Sk ko u's eee Se ee ee pe we es +5 V 
Hae VOtede Tere w ius, 668 NOG 4)-3... 6 ee ke he ace oes ot 9 ee ES 27) V 
EPO VOULMOt (GRO. INOUE 1) 5.5 oe cle oe kis Fe we evn o ae AER pee ee ee ee es < 6 V 
POI CLT CONCC Iria LBP oo ig me-4 Shy o's ke ee oo woe Ges os, ee eee 10 mA 
Continuous total dissipation (either comparator or both together) ..... See Dissipation Rating Table 
Cmerating: ree-ol TSMR attire Tange... eek ee be oe es eee ee — 55°C to. 125°C 
UNG DONIDOT RE NOTRE 6 ome esos ce oss OV CLAS Rae ie. See ae eee —65°C to 150°C 
Cage tempermuse ror OC seconds: FK. package. 5 obs... ee ee ie ee ee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or W package......... 300 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING DERATE Ta = 125°C 


P AGE 
iunsiie POWER RATING FACTOR ABOVE Tg POWER RATING 


600 mW 11.0 mW/°C 95°C 
600 mW 11.0 mW/°C 95°C 
600 mW 8.0 mW/°C 75°C 
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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 


. 


electrical characteristics at specified free-air temperature, VCC + = 12 V, Vcc— = -6 V 


PARAMETER TEST CONDITIONST MIN TYP MAX 


| Rg = 200, 
et ee ee See Note 4 = 55°C to 125°C 
Average temperature coefficient Rs = 502, -— 55°C to 25°C 3 


of input offset voltage See Note 4 25°C to 126°C 
0.78 
See Note 4 
125°C . 0.25 
Average temperature coefficient -—55°C to 25°C 
aio 4 See Note 4 
of input offset current 26°C to 125°C 
| 
iB Input bias current See Note 4 
V = 5V, 
liH(S) High-level strobe current Monge 5 mV 
|. * Dealiotaas 
V = -—100 mV, 
liL(s) Low-level strobe current re nF 
i 
Common-mode input 
VICR Vcc = -7V - 55°C to 125°C 
voltage range 
ID 


V Differential input voltage range Se a Seas -— 55°C to 125°C 
A Large-signal differential No load, 
VD voltage amplification Vo = 00 2.5V —55°C to 125°C 


Vin = 8 ev 

ID . ~55°C to 125°C 
lOH_ = 0 

Min 5 FAV, 

ID = -~55°C to 125°C | 2 
loH = -—5 mA 

Vin = Sani. 

ID Ss ~55°C to 125°C | - 
lol = 0 


Vistrobe) = 9.3 V, 
— 55°C to 125°C - 


3 
Vip = 5 mv, 
lol = O 
| 
0 
80 _1005 
-75_-14 | ma 
1805 300 


T Unless otherwise noted, all characteristics are measured with the strobe open. 
+ The algebraic convention, where the most-positive (least-negative) limit is designated as maximum, is used in this data sheet for logic 
levels only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 

SThese typical values are at Ta = 25°C. 

{Supply current and power dissipation limits apply for both comparators operating simultaneously. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.8 V at 
Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C. These output voltage levels were selected to 
approximate the logic threshold voltages of the types of digital logic circuits this comparator is intended to drive. 


UNIT 


3 
< 


avid pV/°C 


> 


ho Input offset current 


ate 
1°.) 

= 
WIN] ®d O}W 


7 
5 2 
yA 15 

25 


aay 
o 
o1 


nA/°C 


= 
> 


—_ 
NO 


+100 | pA 


1 


| 
~ 
o 


ze 
+ 


3 


/mV 


_ 
o 


VOH High-level output voltage 


§ 


fh <0. of 


5 
5 
5 
VoL Low-level output voltage 
; 


a 
+ 


Low-level output current 


IOL 


Oo 
o1 
No 
WwW 


3 
3.6 
6) 


Voltage Comparators 


Vip = -5S mV, 
No load 


pov 
7 EG 
V 
Bec 
ae 
| mA | 
| mA 
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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 


switching characteristics, VCC + = 12 V, Vcc— = -6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


AL= = C= Sor, SeeNotes 
AL= = C= SpF, See Note 6 


NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive. 
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from 
the 50% point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4-V level. 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
> 60 > 
£ Vcc+=12V s 
l Veeéu=-6V l 
§ 50 Vo =0to2.5V 6 
3 = No load g 
<x < 
® ® 
iG | C 
> > 
ge Se ee ade \ = 
E i BS 3 
2 | | 3 
van en 
ie iam a : 
: : 
SS ER 
-—75 -50 -25 0 25 50 75 100 125 10 11 12 13 14 
. ° 
TA—Free-Air Temperature— C Vcc+—Positive Supply Voltage—V 
FIGURE 1 FIGURE 2 
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Vo—Output Voltage—V 


TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE LEVELS LOW-LEVEL OUTPUT CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vcc-—=-6V 
2.45 + Vip = —5 mV 


Vou (Vip = 5 mV, !oH = 9) 


loL—Low-Level Output Current—mA 
N 
) 
a 


3 


2.20 
—75 -50 -25 0 25 50 75 100 125 —75 -—50 -25 0 25 50 75 100 125 

Ta—Free-Air Temperature—C Ta—Free-Air Temperature—C ” 
FIGURE 3 FIGURE 4 S 
© 
VOLTAGE TRANSFER CHARACTERISTICS oC 
E 
io) 
© 
> ® 
| o) 
& © 
= ed 
$ C 

> 
s > 

£ 

3 

3 

2) 

> 

Vip—Differential Input Voltage—mV 
FIGURE 5 
T vis 
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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
115 


Vcoc+ = 12V 

Vcc—=-6V 

Vic=-5to5V 
Rg S 200 22 


Vcc+ = 12V 
Vcc—=-6 V 
See Note 4 


= 
= 
i=) 


1jB—Input Bias Current—yuA 


CMRR—Common-Mode Rejection Ratio—dB 
3 
o 


= : 
-—75 -50 -25 0 2 “SO 75 100 125 —75 -50 -25 0 25 50 75 100 125 
< Ta—Free-Air Temperature— C Ta—Free-Air Temperature— C 
2. FIGURE 6 FIGURE 7 
pe) 
3 OUTPUT RESPONSE FOR STROBE RELEASE TIME 
° VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES 
4 
° 7 
a 
3 s 2 V 12V : : 
25 CC+= = 
o pa 2 
a 52 Vec_=-6V > 
pe) =. 2 CL =5 pF 54 
om Qe es o 
2) - Rg = 9° ‘ Bes = 
=] = 
o Ta=25C 
> 4 
rt) > 
g 3 a 
3 iy ei p= 
i Mess eee w 
a 4 a 0 mV : 
: ise! 2 alls 
9 oO 5 oO Acne 
co) ° ‘ 
os a aie Str rt ee tl 
—20 0 20 40 80 100 120 140 — (—~40'-5 0 5 10 15 20 25 30 3 40 
t—Time—ns t—Time—ns 
FIGURE 8 FIGURE 9 
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.8 V at 
Ta = —55°C, Vo = 1.4 Vat Ta = 25°C, and Vo = 1 VatTa = 125°C. These output voltage levels were selected to approximate 
the logic threshold voltages of the types of digital logic circuits this comparator is intended to drive. 
T 4 
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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 


TYPICAL CHARACTERISTICS 


TOTAL POWER DISSIPATION 
VS 
COMMON-MODE PULSE RESPONSE FREE-AIR TEMPERATURE 


Vic—Common-Mode 
Input Voltage—V 
© 
ra) 


Pp-—Total Power Dissipation—mW 
© 
° 


7 70 
& 
= 
S$ 60 
~ 
5 3 
ee 50 
 § —40 0 40 80 120 160 —75 -50 -25 0 25 50 75 100 125 
iS t—Time—ns Ta—Free-Air Temperature— C ” 
FIGURE 10 FIGURE 11 2 
hen 
G 
E 
2) 
O 
® 
o) 
© 
— 
2) 
> 
i 
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TL712 
DIFFERENTIAL COMPARATOR 


D2741, JUNE 1983—REVISED MARCH 1988 


Operates from a 5-V Supply D, JG, OR P PACKAGE 
(TOP VIEW) 


@ Oto 5 V Common-Mode input Voltage 
Range 


Self-Biased Inputs 


Compiementary 3-State Outputs 


Enable Capability NC—No internal connection 


Hysteresis ... 5 mV Typ 3 | : 
symboi (positive logic) 


Response Times. . . 25 ns Typ 


description 2 7 
P IN - = 2 OUT - 


The TL712 is a high-speed comparator 
fabricated with bipolar Schottky? process ine (6) ours 
technology. The circuit has differential analog 
inputs and complementary 3-state TTL- 
compatible logic outputs with symmetrical 
switching characteristics. When the output 
enable, OE, is low, both outputs are in the high- 
impedance state. This device operates from a 
singie 5-V supply and is useful as a disk memory 


3 


read-chain data comparator. ” 
hen 
The TL712 is characterized for operation from 
OF G10 70°C. 48) 
he 
2 . %S 
schematics of inputs and outputs = 
EQUIVALENT OF EACH EQUIVALENT OF EACH ENABLE INPUT TYPICAL OF ALL OUTPUTS \e) 
DIFFERENTIAL INPUT © 
Vcc @ 
85 2 S) 
NOM © 
Ba 
S$ 
ENABLE 
OUTPUT 
PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 
po - of a date. HS soma conform to 3 
$ ications per the terms of lexas instruments 
Standard werveety. Prodantion processing does not EXAS 3-77 
necessarily include testing of all parameters. INST RUMENTS 
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i ae 
DIFFERENTIAL COMPARATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (gee Note 1)....65........... @RAew tie eee comming 6S ae. 7V 
put Vortmaey anew memrennee WIDUT or. oes « os biel GAs eae eee eens Je dats die, +25 V 
Dittereritias mee VOMemeaeee NWOte 2) oie i. . UG care So Pale Wnts We bud aisle poe ee £25 V 
ORGinre TENG RR gs gr Saw iw sca ay ae 0 bb aw she ew mes Ree ee ee 7V 
Low-level OUtbUt CUITONL. Fo. 5 ce pe ee ewe eo ws BR Steere VesiiSmiaaait 50 mA 
2DOIR UNG: Tet TORIEERCUIO: TONGS. 5 favs iso ots as oA Cs ae ee ope 0°C to 70°C 
SRC SUE CUTTS TT ENEMIES = 5 yi oo a eR once wile ck he oe ee ee =—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ......... 260 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltage values are at the noninverting terminal with respect to the inverting terminal. 


recommended operating conditions 


ma ee es ee 

475 55.25 
£18 
[High-level output curent lon pe SMA | 
[Baw-lovel output cunent, Jol SS STOW ey) HOt 


Operating free-air temperature, Ta 


6) 


electrical characteristics at Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
Vt Threshold voltage (VT + and V7 —) VICR = 0to 5 V -100t 100 
Viys HvstoresaVr+ Vt“) fC 
High-level output voltage Vip = 100 mV, Igy = -1 mA 2.2708 
4 


V : - 

Vv Low-level output voltage Vip = —100 mV, lo, = 16 mA 
I Off-state output current Vo =2.4V 

| | = 


2 a aS 

OH 

OL cet a ee Oe 

Oz Beeler SER 

fe teow ye ee ee 

| i. > Hightevel.enable current. =: Ng 27 V0 ae are 20 
NL Be Rees a 
Pini Aes eee 
0 
Os RL ee Oe 
CC 


ri Differential input resistenca [| 
i Onn | | we. ey 
Mos Shortcirouit output eurent [SCS 


t The algebraic convention, where the more negative limit is designated as minimum, is used in this data sheet for input threshold voltage 
levels only. 


Low-level enable current Vit = 0.4 V 


sio}eseduios) abeyo, Mee 


Vip = 0 No load 


switching characteristics, Vcc = 5 V, TA = 25°C 
MIN TYP _MAX 


tpLH Propagation delay time, low-to-high-level output TTL load (see Figure 1), Pa. aa Sr 


tpH_ Propagation delay time, high-to-low-level output See Note 3 


NOTE 3: The response time specified is for a 100-mV input step with 5-mV overdrive (105 mV total), and is the interval between the 
input step function and the instant when the output crosses 2.5 V. 
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Differential 


Input Voltage 


Vo—Output Voltage—V 


OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES INPUT OVERDRIVES 


Pt aa 
TTL Load 
st | yo Ina eases 


100 mV + OVERDRIVE 


TL712 
DIFFERENTIAL COMPARATOR 


PARAMETER MEASUREMENT INFORMATION 


+5 V 


2 kQ 


OUTPUT 
IN4148 


FIGURE 1. TTL OUTPUT LOAD CIRCUIT 


TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR VARIOUS 


Differential 
Input Voltage 


BBD ses ome rec oe 


Vo— Output Voltage—V 


Pax | 
a A A 
sts 

10 20 40 
t—Time—ns 


FIGURE 2 FIGURE 3 
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TL712 
DIFFERENTIAL COMPARATOR 


Vic —Common-Mode 
Input Voltage 


Vo— Output Voltage—V 


siojesedwoy abeyo/p Pe 
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TYPICAL CHARACTERISTICS 


COMMON-MODE 
PULSE RESPONSE 


t— Time—ns 


FIGURE 4 
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TL714C 
HIGH-SPEED DIFFERENTIAL COMPARATOR 


D3131, DECEMBER 1988 


@ Operates from a 5-V Supply D OR P PACKAGE 
TOP VIEW 
© Self-Biasing Inputs 
@ Hysteresis ... 10 mV Typical 
@ Response Time... 7 ns Typical 
@® Maximum Operating Frequency... 50 MHz 
Typical ; 
NC—No internal connection 
description 
symbol 
The TL714C is a high-speed differential 
comparator fabricated with bipolar Schottky IN + 
process technology. The circuit has differential OUT 
inputs and a TTL-compatible logic output with IN — 


symmetrical switching characteristics. 


The device operates from a single 5-V supply and 
is useful as a disk-memory read-chain data 
comparator. 


The TL714C is characterized for operation from 
O°C t6. 70°C. 


3 


schematic of inputs and output 


” 
fen 
Oo 
EACH INPUT OUTPUT s 
V wat 
cc 4 
6 
® 
o) 
4°) 
B 4 
Ss 
All resistor values shown are nominal. 
PRODUCTION DATA documents contain information = Copyright © 1988, Texas Instruments Incorporated 
current as of publication date. Products conform to bh 
speminnnces per — of Texas aegrin 3-81 
standard warranty. Production processing does not a 
necessarily include testing of fi parameters. INST RUM ENTS 
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TL714C 
HIGH-SPEED DIFFERENTIAL COMPARATOR 


PRES DME We TGR SLE GS ASRS AS REE BRE STP, DET FSET IS SNOT ATE IIE GMT PREPS SB ERA DBAS SS 5 MSE ESS GTN BIE TNS eS ESE EO 
absolute maximum ratings over oprating free-air temperature range (unless otherwise noted) 


supoly voltage, Vire (806 Note -T) 4... on. eo ae ee en a ee oe oe + I ees ee. 7 
Ditterentianinput wormene, wit) (see Note 2)... a ee sheds Baw cea ee +5 ¥V 
cag gS BE A ES” aS Sa ice ee PR She SE ca ear pny Seo Vcc to GND 
Low-level GUI rCUIT@fies 100. ke ce i ee ee es ss a a REED ores meee. TEE 40 mA 
Continuaué t6tal POWOFGIERIDATION.. . . bic ac pene bees te eee See Dissipation Rating Table 
Operating tree-ar temaoerarore TENGe . |... ee tec ce been eee eb Ee eee O°U te. 70°C 
Sk ir cue ERIE OUT oo Oo does ce i es wee sao ns ee Slee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................00000% 260°C 


NOTES: 1. All voltage values, except for differential voltage, are with respect to the network ground. 
2. Differential voltage values are at the noninverting terminal with respect to the inverting terminal. 


DISSIPATION RATING TABLE 


Ta s< 25°C DERATING DERATE Ta = 70°C 
POWER RATING FACTOR ABOVE Tg POWER RATING 


PACKAGE 


D 500 mW 5.8 mW/°C 64°C 464 mW 
P 500 mW N/A N/A 500 mW 


recommended operating conditions 


PARAMETER 
Supply voltage, Vcc 


Common-mode input voltage, Vic 


Low-level output current, Io. 


’ 
. . 


Operating free-air temperature, Ta 


Vays Hysteresis (Vt — Vr—) eee ec ee oe 

los ere 
Fj 
lo i 


sio}esedwoy abe jo, et 


gg Shonen onpttrem 
rr, Differential input resistance ——SC~C~sSCCSC“‘“‘“‘CSSSSSCSCSCSCSCSCSCSCSCSCS 
SBE: oC a a a VR oe 
vp 


Tall typical values are at Ta = 25°C. 


0, Io = 0 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX 


‘ Vip = +250 mV, t, = ts = 4 ns, 
fmax Maximum operating frequency C. = 26 pF, Input duty cycle = 50% 


tpLH Propagation delay time, low-to-high-level output | Vip = +100 mV, C, = 25 pF, 
tpH_ Propagation delay time, high-to-low-level output | See Figures 1 and 2 


Vip = £100 mV, C= 26 oF 


r 
tt Fall time See Figure 3 
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TL714€ 
HIGH-SPEED DIFFERENTIAL COMPARATOR 


PARAMETER MEASUREMENT INFORMATION 


100 mV ——— — ———— 100 mv 
Vip 50% VID sof 
— 100 mV 


| 
eo 
ee eet re ee 
Vo 1.4V 
VOL 
FIGURE 1. PROPAGATION DELAY TIME, FIGURE 2. PROPAGATION DELAY TIME, 
LOW TO HIGH (tp.H) HIGH TO LOW (tpHL) 
100 mV 


VOL 


FIGURE 3. RISE AND FALL TIMES (tr, t¢) 
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Voltage Comparators 
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TL721 
DIFFERENTIAL COMPARATOR 


D2781, FEBRUARY 1984—REVISED OCTOBER 1988 


D, JG, OR P PACKAGE 
(TOP VIEW) 


® Operates from a —5.2-V Power Supply 
@ Self-Biased Inputs 
@ Common-Mode Input Voltage Range 


OVto -5.2V 
@ MECL Ill and MECL 10 000 Compatible 
® Complementary ECL-Compatible Outputs NC —No internal connection 
@ Hysteresis ...5 mV Typ symbol 
@ Response Times... 10ns Typ (2) (7) 
IN - OUT - 
description (3) (6) 
IN + OUT + 


The TL721 is a high-speed voltage comparator 
fabricated with bipolar Schottky? process 
technology. The circuit has differential analog 
inputs and complementary ECL-compatible logic 
outputs with symmetrical switching 
characteristics. The device operates from a 
single —5.2-volt supply and is useful as a disk 
memory read-chain data comparator. 


3 


The TL721 is characterized for operation from 


0°C to 70°C. 2 
°) 
del 
© 
den: 
© 
e 
6 
® 
©) 
4°) 
ge 
Re aad 
Ss 

Tintegrated Schottky-Barrier diode-clamped transistor is patented by Texas !nstruments. U.S. Patent Number 3,463,975. 
PRODUCTION DATA documents contain information Copyright © 1984, Texas Instruments Incorporated 
current as of publication date. Products conform to ] 
specifications per the terms of Texas Instruments 3-85 


standard warranty. Production processing does not 


necessarily include testing of all parameters. IN STRUMENTS 
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TL721 
DIFFERENTIAL COMPARATOR 


SE CEE LP SE I EET OST LEIA CS LIE EES FRED AS LE DASE WEEE LDN OA LID, PRA EG 1 EB ERE SS OF DE EIY FST SETLIST ES SETAE 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage, VOC eee Note Tr) oi cee eee rie Ove es eee Pp eee -7V 
SPOIL VORESCRD care CLUE OPT CAE AIIEIE: 5... 5-5 shu. vn } bah 0, naeporps bcp tach iee’. mip hice +25 V 
LATIOrential spurt VOlNaGenGe MIOtO 2). 5. oe eee vo e's kee eats o & asap GELa Socal +25 V 
REO sone VO ORT CRETE EIRP IE TM gs os BEG e Woace sn 0) so cee nee cee tS = eee eee 50 mA 
Operating free-air temperature range ........... 0... cee ee ee ee ee O° to 76°C 
SeEEMNG TOIT DOTATIN S(T ac oes 0-0 + se ars 0 5 + le tie ty ele es PE ee -—65°C to.150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ......... 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltage values are at the noninverting terminal with respect to the inverting terminal. 


recommended operating conditions 


Supply voltage, Vcc | Laas are eigeiondtes V | 
Common-mode input voltage, Vic 
High-level output current, loy 


electrical characteristics at TA = 25°C, Vcc = -5.2 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
- 100 


Vt ___ Threshold voltage (Vr+ and Vt-) | Vic = Vicr min 
Vhys__Hysteresis (Vr + — VT-) Sick: EAS: PSE Vis Pat MS 
VOH High-level output voltage Vip = 100 mv, RL = 5002 to -2V 0.961 -0.81 
VoL Low-level output voltage Vip = -100 mV, R, = 502to -2V cS) eras ss a ae 
Vv 


ee Sees 
lcc Supply current Vip = 0, No load : -13 -17 |] mA | 


T The algebraic convention, in which the more negative limit is designated as minimum, is used in this data sheet for input threshold and 
output voltage levels only. 


suojesedwios) abeyop, mee 


switching characteristics at TA = 25°C, Vcc = -5.2 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | U 


tpHL Propagation delay time, high-to-low-level output RL = 502to -2V 


tpLH Propagation delay time, low-to-high-level output | 4VID = +200 mV to —200 mV or eee ves 
eevee 


Sth 
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TYPICAL CHARACTERISTICS 


OUTPUT RESPONSES FOR VARIOUS OUTPUT RESPONSES FOR VARIOUS 
INPUT OVERDRIVES INPUT OVERDRIVES 


Vec = -5.2V 
RL = 5002 to -2V 


Vec = -5.2V 
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a* RL = 500 to -2V 32 
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Very Low Power... 200 uW Typ at 5 V 


Fast Response Time... 2.5 us Typ with 
5 mV Overdrive 


Single Supply Operation: 
TLC339M...4Vto16V 
TLC3391...3Vto 16 V 
TLC339C ....3Vto 16V 


e High Input Impedance... 1012 0 Typ 


@ Input Offset Voltage Change at Worst Case 
Input Condition Typically 0.23 wV/Month 
Including the First 30 Days 


@ On-Chip ESD Protection 


description 


The TLC339 consists of four independent 
differential-voltage comparators designed to 
operate from a single supply. It is functionally 
similar to the LM339 but uses 1/20th the power 
for similar response times. The open-drain MOS 
output stage will interface to a variety of loads 
and supplies, as well as "wired" logic functions. 
For a similar device with a push-pull output 
configuration, see the TLC3704 data sheet. 


Texas Instruments LinCMOS™ process offers 
superior analog performance to standard CMOS 
processes. Along with the standard CMOS 
advantages of low power without sacrificing 
speed, high input impedance, and low bias 


COMP #1 OUTL[]1 


TLE339M, TLC3391, TLC339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


TLC339M . . . J PACKAGE 


TLC3391, TLC339C ...D, J, OR N PACKAGE 


(TOP VIEW) 


\/ 141] COMP #3 OUT 


COMP #2 OUT LJ2 131 }COMP #4 OUT 


Vpp LJ3. =: 12L GND 
11, JIN+ ) COMP 


#2 IN+ []5 101 JIN— #4 
COMP ( IN- Coa COMP 
#1 IN+ []7 si JIN— #3 


TLC339M .. . FK PACKAGE 
(TOP VIEW) 


NC—No internal connection 


symbol (each comparator) 


NONINVERTING 
INPUT IN + OUTPUT 
INVERTING 
INPUT IN — 


AVAILABLE OPTIONS 


 ebsooss OF it eA Glam! Mauri 5. 
at 25°C | OUTLINE | CARRIER DIP DIP 
(D) (FK) (J) (N) 
o°c 
El feel = fee 
70°C 


—40°C 
TLC3391D ae TLC3391J | TLC339IN 
85°C 


—55°C 
to 5 mV TLC339MFK | TLCO339MJ 
125°C 


The D package is available taped and reeled. Add the suffix R to the device 
type when ordering. (e.g., TLC339CDR) 


| LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas instruments 
standard ay ie Production processing does not 
necessarily incl 
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TLE339M, TLC3391, TLC339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


description (continued) 


currents, the LinCMOS™ process offers extremely stable input offset voltages, even with differential input 
stresses of several volts. This characteristic makes it possible to build reliable CMOS comparators. 


The TLC339M is characterized for operation over the full military temperature range of —55°C to 125°C. The 
TLC3391 is characterized for operation over the extended industrial temperature range of —40°C to 85°C. The 
TLC339C is characterized for operation over the commercial temperature range of 0°C to 70°C. 


schematic 


OPEN-DRAIN CMOS OUTPUT 


sya OUTPUT 


ce 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

> SUDply Volpe S VET See Note il)... 2... ee eo se Heiney ole iteRagies BCT ORR. ome -0.3Vto18V 
> Differential input vaneoe-(660 Note 2)... . |... wee Sevid athe IONE Whe ced ben eca re es +18V 
ee Aetna cared sek seks aoe neh aera 0 Veen ea A oe Tw boty ab abate oe) pera eae —0.3 V to Vpp 
ra) SO ge) ee RSS A a Pe Baek oleate, rey Nin poe nh 3 tae —0.3 V to Vpp 
° EPRSNE MME LUA Craig fas Ca a 555 og. wpe Hh Blo 1d yh EEE eG aoe oe EE at ee aed Tene ete a po +5 mA 
Oo Perk VAC OTL Sk MRR SUITS ean Gs 0 a 5 05k wo RRTOEER So iD e Pie MDT ern MULLET toa 20 mA 
3 SOU: SUDDIY CANTO eats TOG ho ten iee 0 0 ihe ee tere ak ake OEE ty ta ee ee he 40 mA 
6 TOR CUNT Oat AEE POLIINIEE iis cova uv valde ee aie ene a ple ie Rncnea ba tetera eee ale es 60 mA 
0) A CPES SEMI Ten IONIC 5 egesltc haha aikck Ay a bon ee eens «ole ee Re See Dissipation Rating Table 
Px} Operating free-air temperature range: TLC339M .......... cee eee eee ees —55°C to 125°C 
5 EMBER ais coda oas Bia a a cktms se aoe aoe a —40°C to 85°C 
= NR oh sa Sig av a en A a A as 0°C to 70°C 
” aren Sie ANTISERA IIND 355S ty potas we ocean ple fo gia acgl Cos (ce 0 a RARE ae ac ga —65°C to 150°C 

Case temperature for 80 seconds: Fi BOK AOe a oaks oc ere eaten ecw eb oy 8 ok eae 8 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor N package............ 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 


DISSIPATION RATING TABLE 
Ta < 25°C DERATINGFACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE T, = 25°C POWERRATING POWERRATING POWER RATING 
D 950 mW 7.6 mWPC 
FK 1375 mW 11.0 mw/C 
J (TLC339M) 1375 mW 11.0 mW/C 


PACKAGE 


J (TLC339! & C) 1025 mW 8.2 mW/°C 
N 1150 mW 9.2 mW/°C 
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TLO339M 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


recommended operating conditions 


Common- me input voltage, Vic 


Low-level output current, lo. 
Operating free-air temperature, Ta 


electrical characteristics at specified operating free-air temperature, Vpp = 5 V (unless otherwise 
noted) 


PARAMETER TEST CONDITIONST MIN TYP MAX | UNIT 


Vic = Vierrnin, Rove. ee 
| =5Vto10V, 
ViO nput offset voltage Vpp = 5 Vto 10 55°C to 125°C 10 mV 
See Note 3 

2 DIR CA Ba 

| PLAS bcd Sey Ro Ree 

iat Bee i ES RE 
ae ee Soe: 

lip Input bias current Renee yaa Renee yaa a 


0 to 
aoe 
Vpp-1 

t 
55°C to 1280 | °° 
aa pp-1-5 


Common-mode input 


V 
ICR voltage range 


3 


Common-mode rejection ratio Vic = Vicrmin 


Supply voltage rejection ratio Vpop = 5 Vto 10 V 


bi Me I 2 een 
ae Bh ae eagle 
: | 
Low-level output voltage ic AOA sae 
High-level output current vip TY: 0.8 = nA 
eat PREM Se 


stencil No load, Outputs low etna S| 
(four comparators) 


5 

t All characteristics are measured with zero common-mode voltage unless otherwise noted. 

NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V with a 2.5-k. load to 
VppD: 
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TLO3391 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


recommended operating conditions 


Supply voltage, Vpp 


Common-mode input voltage, Vic 
Low-level output current, lo. 
Operating free-air temperature, Ta 


electrical characteristics at specified operating free-air temperature, Vpp = 5 V (unless otherwise 
noted) 


PARAMETER TEST CONDITIONST MIN TYP MAX | UNIT 
Vic = Vicrin, S01 eae aa | ae 2 
mV 


=5Vto10V, 
weer ~40°C to 85°C ; 
See Note 4 
RD BRS OS 
lio Input offset current Vic = 2.5V pe) 


Vio Input offset voltage 


Gas Se PP Ghee Se SS 
i ERIE STE 
ae Tia Ss elena eee ea 2 as Garcons 1 0 Ul 
t 
. 25°C ee 
ten Common-mode input Vpp-1 V 
Vpp-1.5 
eee ee 
<  |CMRR Common-mode rejection ratio Vic = Vicrmin Re Re Ee Aas) 
o | Bei ee SR aS 
ay eee <a. SeaeSaase’ Samene 
To} Supply voltage rejection ratio Vpp = 5V to 10 V ee Te ee 
® ie a ee oad 
© V Low-level output voltage bi Fle f nee ae mV 
Ries eee loL = 6 mA 
= | Vip = 1V, 08 40 
High-level output t 
7 ae a lena vo= sv core 4 ee | AT 
Supply current 44 80 
= 
| No load, Outputs lo 
© TtAllcharacteristics are measured with zero common-mode voltage unless otherwise noted. 
ow NOTE 4: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
¥% 
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TLO339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


recommended operating conditions 


Supply voltage, Vpop 


Common-mode input voltage, Vic 
Low-level output current, loL 
Operating free-air temperature, Ta 


electrical characteristics at specified operating free-air temperature, Vpp = 5 V (unless otherwise 
noted) 


PARAMETER TEST CONDITIONST MIN TYP MAX | UNIT 
Vic = Vicari iiss: aie Ls. 
Input offset volt Vpop = 5 Vto 10 V, 
VIO nput offset voltage DD = 5Vto 10 0°C to 70°C mV 
See Note 4 
ae ee 
SI ik sae BB cea taes RE. 
ane 2d REN, AAAI! SY 
oe A fi reeled 


Common-mode input 
voltage range 


VICR 


3 


25°C 0 to 
Vpp-1 
octo7oc | °™ 
Vpop-1.5 
Vic = Viermin 


0°c 
25°C 
0°c 


25°C 
| Input bias t Vic = 2.5V 


CMRR Common-mode rejection ratio 


Supply voltage rejection ratio Vpp = 5 Vto 10 V 


Vou Low-level output voltage el’ = 
ok ea ee loL = mA 
Vip = 1V. . 
OH High-level output current om =5V : 
Supply current 4 
| No load, Outputs lo 
DD (four comparators) ictal tt 0°C to 70°C 


T All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 


So 
+ 
=] 
o 


> 
—| oO 


Pa 
| PA 


BS 
fe] 
Oo 
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TLC339M, TLC3391, TLC339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


f 


switching characteristics, Vpp = 5 V, Ta = 25°C (see Figure 3) 


MIN MAX 
[Overdrve=2mv [| SCS 
fOverdrve=SmV [SCS 
[Overdrive=20mv [CS 
WataVetepatiNepin | 
[Overdrve=2mv | CS 
Overdrive=SmV [CS 
ey Overdrve=tomv | aC 
tPHL Propagation delay time, high-to-low level output Overdive=20mV. | ~OOeBSSSC*S 

| i CUE BB gas 


f= 10 ‘Hi 
tTHL Transition time, high-to-low level output C, = 15 wf Overdrive = 50 mV ic a ee 


PARAMETER MEASUREMENT INFORMATION 


f = 10 kHz, 
CL = 15 pF 


tPLH Propagation delay time, low-to-high level output 


3 The TLC339 contains a digital output stage that, if held in the linear region of the transfer curve, can cause damage 
to the device. Conventional operational amplifier/comparator testing incorporates the use of a servo-loop that is 
designed to force the device output to a level within this linear region. Since the servo-loop method of testing 

< cannot be used, the following alternatives for testing parameters such as input offset voltage, common-mode 

2. rejection, etc., are suggested. 

| e To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown in 

@ Figure 1(a). With the noninverting input positive with respect to the inverting input, the output should be high. With 

fo) the input polarity reversed, the output should be low. 

© Asimilar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages can 

3 be slewed as shown in Figure 1(b) for the VicR test, rather than changing the input voltages, to provide greater 

% accuracy. 

PS} 

pA 5V 1V 

\e) 

= 

” 5.1 kQ 

APPLIED Vio APPLIED Vio 
LIMIT Vo LIMIT Vo 
: = = | = = =4aV “ 
(a) Vio with Vic = OV (b) Vio with Vic = 4V 
FIGURE 1. METHOD FOR VERIFYING THAT INPUT OFFSET VOLTAGE IS WITHIN SPECIFIED LIMITS 
A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal but 
opposite in polarity to the input offset voltage, the output will change states. 
Ww 
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TLC339M, TLC339I, TLE339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator into the linear region. The circuit consists of a switching mode servo loop in which U1A generates a 
triangular waveform of approximately 20-mV amplitude. U1B acts as a buffer, with C2 and R4 removing any residual 
dc offset. The signal is then applied to the inverting input of the comparator under test, while the noninverting input 
is driven by the output of the integrator formed by U1C through the voltage divider formed by R9 and R10. The loop 
reaches a stable operating point when the output of the comparator under test has a duty cycle of exactly 50%, 
which can only occur when the incoming triangle wave is "sliced" symmetrically or when the voltage at the 
noninverting input exactly equals the input offset voltage. 


Voltage divider R9 and R10 provides a step-up of the input offset voltage by a factor of 100 to make measurement 
easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the reading; therefore, it is 
suggested that their tolerance level be 1% or lower. 


Vpp R5 


C3 0.68 pF 
1.8 kQ, 1% Pies 


U1B 
1/4 TLC274CN C2 


Burren | “F 


Vio 
(X100) 


U1A 


1/4 TLC274CN 
TRIANGLE 


GENERATOR 


R9 
R10 10 kQ, 1% 


R2 100 2, 1% 


FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 


Measuring the extremely low values of input current requires isolation from all other sources of leakage current and 
compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board 
leakage can be measured with no device in the socket. Subsequently, this open socket leakage value can be 
subtracted from the measurement obtained with a device in the socket to obtain the actual input current of the 
device. 
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TLE339M, TLC3391, TLC339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


Propagation delay time is defined as the interval between the application of an input step function and the instant 
when the output reaches 50% of its maximum value. Propagation delay time, low-to-high-level output, is measured 
from the leading edge of the input pulse, while propagation delay time, high-to-low-level output, is measured from 
the trailing edge of the input pulse. Propagation delay time measurement at low input signal levels can be greatly 
affected by the input offset voltage. The offset voltage should be balanced by the adjustment at the inverting input 
(as shown in Figure 3) so that the circuit is just at the transition point. Then a low signal, for example 105-mV or 5-mV 
overdrive, will cause the output to change state. 


INPUT OFFSET VOLTAGE 
COMPENSATION ADJUSTMENT vig 


4 a uF 


3 TEST CIRCUIT 
< ae ie \ OVERDRIVE 
o age) 2a TS 
o> | 
pe) 
ys | 
LOW-TO-HIGH- : atk HIGH-TO-LOW- 
© LEVEL OUTPUT ) LEVEL OUTPUT 
= | 
| | 
Zo) | | 
© }*——>} tPLH 
pe) 
5 VOLTAGE WAVEFORMS 
w NOTE A: Cj includes probe and jig capacitance. 
FIGURE 3. PROPAGATION DELAY, RISE, AND FALL TIMES 
CIRCUIT AND VOLTAGE WAVEFORMS 
U 
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TLE339M, TLCO3391, TLE339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


TYPICAL CHARACTERISTICST 


INPUT BIAS CURRENT 
DISTRIBUTION OF INPUT vs 
OFFSET VOLTAGE FREE-AIR TEMPERATURE 


Number of Units 
ljB—Input Bias Current—nA 


Vio—Input Offset Voltage—mvV Ta—Free-Air Temperature— °C 
FIGURE 4 FIGURE 5 
COMMON-MODE REJECTION RATIO SUPPLY VOLTAGE REJECTION RATIO 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voltage Comparators by 


CMRR—Common-Mode Rejection Ratio— dB 
ksvR—Supply Voltage Rejection Ratio— dB 
00 
o 


34 
83 
82 
81 
80 80 
-75 -50 -25 0O 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature— °C 
FIGURE 6 FIGURE 7 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE339M, TLC3391, TLO339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


TYPICAL CHARACTERISTICSt 


HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 
vs vs 
HIGH-LEVEL OUTPUT VOLTAGE FREE-AIR TEMPERATURE 


1000 1000 


Vpp = VOH = 5V 


100 100 


10 10 


loH— High-Level Output Current—nA 


< 
c 
| 
~ 
= 
o 
= 
| 
Oo 
ra 
= | 
a 
~ 
=| 
oO 
) 
> 
C) 
- 
& 
2 
ae 
| 
= 
2 


3 H 
0.1 0.1 
0 2 4 6 8 10 -t2-44@4 16 
< VOH—High-Level Output Voltage—V Ta—Free-Air Temperature — °C 
- FIGURE 8 FIGURE 9 
& LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
ro) vs vs 
re) LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 
5°) 
> > 
= : 
a | Ba 
S S A 
oO = = 
s 5 
a. a 
5 S 
ie) oO 
o 7) 
> > 
s 2 
3 3 
a be 
i t 
fo) oO 
> > 
CO 42° 4. 6. 8 +10 312. 34 Fe 18-320 -75 -50 -25 0 25 50 75 100 125 
lo_—Low-Level Output Current—mA Ta—Free-Air Temperature — °C 
FIGURE 10 FIGURE 11 
T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
T i 
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TLC339M, TLC3391, TLC339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


TYPICAL CHARACTERISTICSt 


SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
Outputs low 
No load 
< q 
| | 
3 5 
= P ay 
a a 
Z 3 
| | 
[= 5 
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125 
Vpp—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 12 FIGURE 13 
LOW-TO-HIGH-LEVEL HIGH-TO-LOW-LEVEL 
OUTPUT RESPONSE TIME OUTPUT RESPONSE TIME 
vs vs 
SUPPLY VOLTAGE : SUPPLY VOLTAGE 


CL = 15 pF 


CL = 15 pF 


Ri = 5.1 kQ (Pullup to Vpp) 
5} Ta = 25°C 


tp_H—Low-To-High-Level 


Output Propagation Delay Time—ys 
tpH_ —High-To-Low-Level 


Output Propagation Delay Time—ys 


0 
0 2 4 6 8 70. 412-144. 216 
Vpp—Supply Voltage—V Vpp—Supply Voltage—V 
FIGURE 14 FIGURE 15 


T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE339M, TLC3391, TLC339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


TYPICAL CHARACTERISTICS 


LOW-TO-HIGH-LEVEL OUTPUT OUTPUT FALL TIME 
PROPAGATION DELAY vs 
FOR VARIOUS OVERDRIVE VOLTAGES SUPPLY VOLTAGE 


3> 
2 | 
3 © 
o8 
os 2 
>> é 
E 
> 
E t 
Ss 
8 
oa) 
= > CL = 15 pF 
4 R_ = 5.1 kQ (Pullup to Vpp) 
3 £ Ta = 25°C 
0 1 2 3 4 5 0 2 4 6 8 10 12 14 16 
< tpLH —Low-To-High-Level Vpp—Supply Voltage—V 
2. Output Propagation Delay Time—ys 
é FIGURE 16 FIGURE 17 
@ 
HIGH-TO-LOW-LEVEL OUTPUT 
© PROPAGATION DELAY 
=" FOR VARIOUS OVERDRIVE VOLTAGES 
x?) 
pe) 
= 
© 
5S 35> 
5, e | 
os 
os 
z 
3 | CL = 15 pF 
= ) R_ = 5.1 kQ (Pullup to Vpp) 
© ~ 
3 
7s 
a 
£ 
tpHL—High-To-Low-Leve! Output 
Propagation Delay Time— ys 
FIGURE 18 
i 
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TLO339M, TLC3391, TLC339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


TYPICAL APPLICATION DATA 


The inputs should always remain within the supply rails in order to avoid forward biasing the diodes in the 
electrostatic discharge (ESD) protection structure. If either input exceeds this range, the device will not be 
damaged as long as the input current is limited to less than 5 mA. To maintain the expected output state, the inputs 
must remain within the common-mode range. For example, at 25°C with Vpp = 5 V, both inputs must remain 
between —0.2 V and 4 V to assure proper device operation. 


To assure reliable operation, the supply should be decoupled with a capacitor (0.1 uF) positioned as close to the 
device as possible. 


Be careful to note the output and supply current limitations since the TLC339 does not provide current protection. 
For example, each output can source or sink a maximum of 20 mA; however, the total current to ground can only be 
an absolute maximum of 60 mA. This prohibits sinking 20 mA from each of the four outputs simultaneously since 
the total current to ground would be 80 mA. 


The TLC339 has internal ESD protection circuits that will prevent functional failures at voltages up to 2000 V as 
tested under MIL-STD-883C, Method 3015.2; however, care shouid be exercised in handling these devices as 
exposure to ESD may result in the degradation of the device parametric performance. 


12 V 
SN75603 3 
DIR 
5V 
| ” 
Saw: 
(See ‘e) 
Note A) mo oc 
* 5.1 kQ HALF-H DRIVER i 
sv A 2 
10 ko i . aa - 5 
= TLC339 
Hae ad a5 , SN75604 ro) 
(See = | MOTOR SPEED CONTROL 
10K02. 8 POTENTIOMETER a 
es eae | eg 
= bs aed 
sa Bdas s 
5V HALF-H DRIVER 
DIRECTION 4 ; : 
CONTROL S1 
= SPDT 
NOTES: A. The recommended minimum capacitance is 10 uF to eliminate common ground switching noise. 
B. Select C1 for change in oscillator frequency. 
FIGURE 19. PULSE-WIDTH-MODULATED MOTOR SPEED CONTROLLER 
Ww 2101 
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TLE339M, TLC3391, TLE339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


TYPICAL APPLICATION DATA 


5V 5V 
@ MONITORS 5-V RAIL 


@ MONITORS 12-V RAIL 


@ EARLY POWER FAIL WARNING 
12V 10 kQ 
12V ° 5.1 kQ 
SENSE 3.3 ko 


1 kQ 


TO uP 
RESET 


2.5V 12 V 


1 uF Cy 
5.1 kQ 
NG toi eae 
R1 Note B) 


TO »P INTERRUPT 
VUNREG 1/4 “‘EARLY POWER FAIL’’ 
(See Note A) TLC339 


R2 


NOTES: A. V = 2 ad 
< B. The value of Cy determines the time delay of reset. 
© 
9 FIGURE 20. ENHANCED SUPPLY SUPERVISOR 
rs 
@. 12 V 12V 
© R1 
‘e) 100 ko 5.1 ko 
= (See Note B) 
x?) 
& R2 OUTPUT 1 
ro) 5 kQ 1/4 TLC339 
5 (See 
p Note C) 12V 
~” 
5.1 kf 
C1 
100 ka 0.01 pF OUTPUT 2 
| (See 1/4 TLC339 
12 Vv Note A) R3 


100 kQ 7 
(See Note B) 


a OUTPUT 1 Se i ae 


NOTES: A. Select C1 for a change in oscillator frequency where: 
1/f = 1.85 (100 kQ)C1 | 


B. Select R1 and R3 to change duty cycle OUTPUT 2 
C. Select R2 to change deadtime. i: Sola eae ees 


FIGURE 21. TWO-PHASE NONOVERLAPPING CLOCK GENERATOR 
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TLC352M, TLC352I, TLC352C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 


D2901, SEPTEMBER 1985—REVISED FEBRUARY 1989 


Single- or Dual-Supply Operation TLC352M . . . JG PACKAGE 
TLC3521, TLC352C .. . D, JG, OR P PACKAGE 
@ Wide Range of Supply Voltages... 1.4 V (TOP VIEW) 
to 18 V 
@ Very Low Supply Current Drain COMP 
150 pA Typ at 5 V #1 . COMP 
65 pA Typ at 1.4 V #2 
@ Built-in ESD Protection 
@ High Input Impedance . . . 1012 0 Typ TLC352M . . . FK PACKAGE 
(TOP VIEW) 
@ Extremely Low Input Bias Current 5 pA Typ = 
=> 
@ Ultrastable Low Input Offset Voltage Oo «a4 
Om-o OO 
@ Input Offset Voltage Change at Worst-Case 
input Conditions Typically 0.23 »V/Month, ao 1 
Including the First 30 Days Nch4 18[}NC 
® Common-Mode Input Voltage Range fT IN- [6 17 #2 OUT 
Includes Ground NC {6 16 (/NC 
#1IN+ 17 15[] #2 IN- 
@ Outputs Compatible with TTL, MOS, and NChis 14[]NC 3 
CMOS 9 10 
@ Pin-Compatible with LM393 O0O0+40 
2aeoewe 7) 
ae er re hen 
description 9S 
This device is fabricated using ue cia iksainal cannection © 
LinCMOS™ technology and consists of two © 
independent voltage comparators, each symbol (each comparator) = 
designed to operate from a single power supply. 
Operation from dual supplies is also possible so NONINVERTING 5 
long as the difference between the two supplies INPUT IN + 
is 1.4 V to 18 V. Each device features extremely INVERTING OUTPUT g, 
high input impedance (typically greater INPUT IN — o 
than 1012 Q), which allows direct interface to sn 
high-impedance sources. The outputs are n- & 
channel open-drain configurations and can be > 
connected to achieve positive-logic wired-AND 
relationships. The capability of the TLC352 to 
operate from a 1.4-V supply makes this device 
ideal for low-voltage battery applications. 
The TLC352 has internal electrostatic discharge (ESD) protection circuits and has been classified with 
a 2000-V ESD rating tested under MIL-STD-883C, Method 3015. However, care should be exercised in 
handling this device as exposure to ESD may result in degradation of the device parametric performance. 
The TLC352M is characterized for operation over the full military temperature range of —55°C to 125°C. 
The TLC352I is characterized for operation over the industrial temperature range of —40°C to 85°C. The 
TLC352C is characterized for operation from O°C to 70°C. 
LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information Copyright © 1985, Texas Instruments Incorporated 
cram of pbnaon ee. Feder conform Texas W As 
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TLO352M, TLO352i, TLC352C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 


equivalent schematic (each comparator) 


Sy 
ne ee 
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rt 
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COMMON TO ALL CHANNELS 
TG 


EXAS 
ee INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLO352M, TLCO352I, TLO352C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 


AVAILABLE OPTIONS 


Bee ea aa. eS eae 
ce oa 
(D) (FK) (JG) (P) 
O*f 

to 5 mV TLC352CD TLC352CJG TLC352CP 
-40°C 
85°C 
-—55°C 

to 5 mV mice TLC352MFK TLC352MJG 
125°C 


D packages are availabe taped and reeled. Add ‘‘R’’ suffix to device type when ordering (e.g., 
TLC352CDR). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sling vereoe; Vir. 600 Note. Tp od i ecb w cals vie he Had heed ak-v ace sleet da aa 
Differential input voltage, Vip (see Note 2) 
SPUN SOI Wc ce Sok es oe hes bch Etcale Sols ds pela eek ah ed ae Pees 
TPAESUNE TN CONN ia ee a sng as os el hs nee Gd ER eb Mel es be 


3 


Cree Ween ee sk eS sede eb Ft phew alah dace ds ae aed sb 2s eee » 1e¥ wo 
PNR Os ae oe bs Ane cee ob ace inte > hy ha oly ohio a ede lb oe oah apis +5 mA we 
CREE MTOM AEN ee 9 etc. see Rhee ted ad nod + 4 eb tne eleepate oes o> ee 20 mA S 
Duration of output short-circuit to ground (see Note 3) ............ 2... eee ee ee ee es unlimited © 
Continuous total dissipation... Beech bk Bae See Dissipation Rating Table © 
Operating free-air temperature range: TLC352M ...............-. 2222 eee -55°C to 125°C & 
aj eo Recaro ea eB merge coe eR -40°C toss°c £ 

py Eee 2 BES Se Sa tO mh Bi o°cto 70°C 9 

. Storace tenyoeratuwre 1enoe =... 4 incites acy cs Wr SS ei des see wd —65°C to 150°C a 
Case temperature for 60 seconds: FK package... 2... 6... ci ec ee ee ea 260°C @® 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300 °C “4 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C 
NOTES: 1. All voltage values except differential voltages are with respect to network ground. = 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vpp can cause excessive heating and eventual device destruction. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVETa POWERRATING POWER RATING POWER RATING 
D 500 mW 5.8 mW/°C 64°C 


PACKAGE 


FK 500 mW 11.0 mW/°C 104°C 

JG (TLC352M) 500 mW 8.4 mW/°C 90°C 

JG (TLC3521, TLC352C) 500 mW 6.6 mW/°C 74°C 
P 500 mW N/A N/A 
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recommended operating conditions 


Supply voltage, Vpp ee 
nVpo = 6M} 0 | eb 


Common-mode input voltage, Vic ae - 10V 
DD = 


Operating free-air temperature, Ta 


PARAMETER TEST CONDITIONSt 
25°C 
Vio _ Input offset voltage Vic = Vicr min, See Note 4 
Full range 
ho Input offset current 
IB Input bias current 
ICR 
voltage range 
OL 
L 
D 


S| 
X16 
4}90 
> 


| 
Vv 
Low-level 25°C 
V Vip = -0.5 V, lo. = 0.6 mA 
output voltage Full range 
' Low-level ‘ 
o output current 1D 
Supply current 25°C 
Ip Vpp = 0.5 V, No load 
(two comparators) Full range 


TAIl characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is — 55°C to 125°C for TLC352M, O°C to 70°C for TLC352C, and —40°C 
to 85°C for TLC352!. IMPORTANT: See Parameter Measurement Information. 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 1.25 V or below 150 mV with a 10-k2 resistor between the output and Vpp. They 
can be verified by applying the limit value to the input and checking for the appropriate output state. 


-0.5V, Vo =0.3V 25°C 
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


25°C 


a RE Saar 3 Sas TR Se ae ea Ce 
ho Input offset current 
ERD OE RS pe 
Ae ae RE SERS Sa a OS 
lip Input bias current 
ee ae ae 5 eon 
0 to 0 to 0 to 
25°C 
Vpp-1 Vop-1 Vpp -1 
0 to 0 to 0 to 
Full range 
Vpp- 1.5 Vpp-1.5 Vpp-1.5 
IOH Vip = 1V 


Low-level 29°C 150 400 150 400 150 400 
VOL Vip = -1V, lol = 4mA 


Low-level 
output current 


Supply current 25°C 0.15 0.3 0.15 0.3 0.15 0.3 
IpDp Vpp = 1V. No load 


TAll characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is —55°C to 125°C for TLC352M, O0°C to 70°C for TLC352C, and —40°C 
to 85°C for TLC352!. IMPORTANT: See Parameter Measurement Information. 
NOTE 5: The offset voltage limits given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-kQ resistor between the output and Vpp. They 
can be verified by applying the limit value to the input and checking for the appropriate output state. 


Common-mode input 


VICR 
voltage range 


switching characteristics, Vpp = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


; Ri connected to 5 V through 5.1 kQ, | 100-mV input step with 5-mV overdrive 
Response time t : 
Cy = 15 pF*, See Note 5 TTL-!evel input step 


tC, includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 


Voltage Comparators He 
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TLC352M, TLC352I, TLC352C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


The digital output stage of the TLC352 can be damaged if it is held in the linear region of the transfer 
curve. Conventional operational amplifier/comparator testing incorporates the use of a servo-ioop that is 
designed to force the device output to a level within this linear region. Since the servo-loop method of 
testing cannot be used, the following alternative for measuring parameters such as input offset voltage, 
common-mode rejection, etc., are offered. 


To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input 
as shown in Figure 1(a). With the noninverting input positive with respect to the inverting input, the output 
should be high. With the input polarity reversed, the output should be low. 


A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply 
voltages can be slewed as shown in Figure 1(b) for the VicR test, rather than changing the input voltages, 
to provide greater accuracy. 

A close approximation of the input offset voltage can be obtained by using a binary search method to 


vary the differential input voltage while monitoring the output state. When the applied input voltage 
differential is equal, but opposite in polarity, to the input offset voltage, the output will change states. 


5V 1V 


5.1 ko 
APPLIED Vio APPLIED Vig 
LIMIT Vo LIMIT Vo 


(a) Vig with Vic = 0 (b) Vig with Vic = 4 V 


FIGURE 1. METHOD FOR VERIFYING THAT INPUT OFFSET VOLTAGE IS WITHIN SPECIFIED LIMITS 


siojesedwo0yg abe yopn ee 
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TLC352M, TLCO352i, TLO352C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias 
the comparator into the linear region. The circuit consists of a switching-mode servo loop in which Ula 
generates a triangular waveform of approximately 20-mV amplitude. U1b acts as a buffer, with C2 and 
R4 removing any residual dc offset. The signal is then applied to the inverting input of the comparator 
under test, while the noninverting input is driven by the output of the integrator formed by U1c through 
the voltage divider formed by R9 and R10. The loop reaches a stable operating point when the output 
of the comparator under test has a duty cycle of exactly 50%, which can only occur when the incoming 
triangle wave is “‘sliced’’ symmetrically or when the voltage at the noninverting input exactly equals the 
input offset voltage. 


Voltage divider R9 and R10 provides a step-up of the input offset voltage by a factor of 100 to make 
measurement easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the 
reading; therefore, it is suggested that their tolerance level be 1% or lower. 


Measuring the extremely low values of input current requires isolation from all other sources of leakage 
current and compensation for the leakage of the test socket and board. With a good picoammeter, the 
socket and board leakage can be measured with no device in the socket. Subsequently, this open-socket 
leakage value can be subtracted from the measurement obtained with a device in the socket to obtain 
the actual input current of the device. 


& 


R5 
V 
“ #8 RD, 196 (11 99-88 af 


U1b 
1/4 TLC274CN C2 


Burren | UF 


Uitc 
1/4 TLC274CN 


HS 


INTEGRATOR 


o> Vio 
(X100) 


R8 


‘| 
x 
Voltage Comparators 


R10 
100 2, 1% 


FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 
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TLC352M, TLC3521, TLC352C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


Response time is defined as the interval between the application of an input step function and the instant 
when the output reaches 50% of its maximum value. Response time, low-to-high-level output, is measured 
from the leading edge of the input pulse, while response time, high-to-low-level output, is measured from 
the trailing edge of the input pulse. Response-time measurement at low input signal levels can be greatly 
affected by the input offset voltage. The offset voltage should be balanced by the adjustment at the inverting 
input (as shown in Figure 3) so that the circuit is just at the transition point. Then a low signal, for example 
105-mV or 5-mV overdrive, will cause the output to change state. 


Vpp 


CL 
44s (See Note A) 


INPUT OFFSET VOLTAGE 109 
3 COMPENSATION ADJUSTMENT 10 TURN 
wey. Tr 0.1 uF 
< = 
o. TEST CIRCUIT 
as 
® 
= OVERDRIVE 
t L OVERDRIVE 

© INPUT ae ~~ INPUT ee 18 
3 fe * Aa | oF 
ne} | 100 mv 100 mv | 
® | | 
® | 
So LOW-TO-HIGH- | HIGH-To-Low- | | 
= LEVEL OUTPUT | ' LEVEL ourpuT | | 
~” J | % mae 

| at 

| e+ t, | Ree ty 

‘*PLH—1¢-— ¢—ot— tPHL 
VOLTAGE WAVEFORMS 
NOTE A: Cy includes probe and jig capacitance. 
FIGURE 3. RESPONSE, RISE, AND FALL TIMES CIRCUIT AND VOLTAGE WAVEFORMS 
is 
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TLC354M, TLC3541, TLC354C 


LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS 


D2901, SEPTEMBER 1985—REVISED FEBRUARY 1989 


@ Single- or Dual-Supply Operation 


Wide Range of Supply Voltages... 1.4 V 
to 18 V 


@ Very Low Supply Current Drain 


TLC354M . . . J PACKAGE 
TLC3541, TLC354C ... D OR N PACKAGE 


(TOP VIEW) 


(Tial] ComP #3 OUT 
13[] COMP #4 OUT 


COMP #1 OUT | }1 
COMP #2 OUT [ j2 


300 pA Typ at 5 V Vop (13 12| ] GND 
130 »A Typ at 1.4 V eae (8 nf eyo 
® Built-In ESD Protection #2 (IN+ (js  10[/ J IN-) #4 
COMP J IN- 9} | IN+ { COMP 
@ High Input Impedance . . . 1012 Typ #1 oa at a ie 43 
@ Extremely Low Input Bias Current 5 pA Typ 
@ Ultrastable Low Input Offset Voltage TLC354M . . . FK PACKAGE 
(TOP VIEW) 
@ Input Offset Voltage Change at Worst-Case 
Input Conditions Typically 0.23 »V/Month, = 
Including the First 30 Days OOo 909 
Ne’) OO Ff 
@ Common-Mode Input Voltage Range 
Includes Ground 2 i eh 19 
@ Outputs Compatible with TTL, MOS, and VpDL 4 Te USNA 
CMOS NC{J 5 17 LJNC 
#2 IN- {| 6 16|] #4 IN+ 
@ Pin-Compatible with LM339 NC{] 7 15[}NC 
#21IN+{J8 14|] #4 IN- 
description 9 
This device is fabricated using | + = | + 
LinCMOS™ technology and consists of four eee 
independent voltage comparators; each poe Nala ma ag 
designed to operate from a single power supply. 
Operation from dual supplies is also possible so NC—No internal connection 
long as the difference between the two supplies 
is 1.4 V to 18 V. Each device features extremely symbol (each comparator) 
high input impedance (typically greater NONINVERTING 
than 1012 Q), which allows direct interface to INPUT IN + 
high-impedance sources. The outputs are n- OUTPUT 
; : d INVERTING 
channel open-drain configurations and can be INPUT IN — 
connected to achieve positive-logic wired-AND 
relationships. The capability of the TLC354 to 
operate from a 1.4-V supply makes this device 
ideal for low-voltage battery applications. 
The TLC354 has internal electrostatic discharge (ESD) protection circuits and has been classified with 
a 2000-V ESD rating tested under MIL-STD-883C, Method 3015. However, care should be exercised in 
handling this device as exposure to ESD may result in degradation of the device parametric performance. 
The TLC354M is characterized for operation over the full military temperature range of —55°C to 125°C. 
The TLC354l is characterized for operation over the industrial temperature range of —- 40°C to 85°C. The 
TLC354C is characterized for operation from O°C to 70°C. 
LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information E Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to } 
specifications per the terms of Texas Instruments EXAS 
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TLO354M, TLC3541, TLC354C 
LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS 


equivalent schematic (each comparator) 


| OUT 


ia eR 
TL 

Re Be 
< # 
o es 
pp 
é : 
© 
© oe iS Ae 
re) 
= 
oT 
& 
* i 
a 


COMMON TO ALL CHANNELS 
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TLC354M, TLE3541, TLC354C 
LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS 


AVAILABLE OPTIONS 


So thas 4 ee OE es 
Ta Seapets oc SMALL-OUTLINE | CHIP CARRIER | CERAMIC DIP | PLASTIC DIP 
(D) (FK) (J) (N) 


o0°c 
to 5 mV TLC354CD TLC354CJ TLC354CN 
cd ed 
-—40°C 
85°C 
—-§5°C 
f= | am [oe 
125°C 


D packages are availabe taped and reeled. Add ‘’R’’ suffix to device type when ordering (e.g., 
TLC354CDR). : 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sunny VOURGG, Vly 100k THRO) i ko kilo cicale vs escdetwd sy bt bi haw leg seedy hub he 
Differential input voltage, Vip (see Note 2) 
ge OF oe” ite SNe ary Rely. i ras Fibs MCLENMRE le Se Fun ae EAMG Pre SR SOME ah ge SS SONY Pee Minn BNET Sere GBPY eS: FHC fA 
HPINDATE Wp FIN acs “eS ek el Bld Be wits dove wo bow en lS fa tal ed see oe 


GO 


Og a ee eee eg aoe Oe Rem ate BS AO Oo Die et Se ae Be are erie ae ie Ber PY nae Fock 9 Sg 18V & 
re uD Ns crt Br Seah) wo be Obs be aterilccats plats os aoe oe Ree ties aoe ee eee +5mA & 
SPURSoeee CHURN AOD oho s ew hs st etetc bTe Gag mw Smeg eh ate fe wile ope ait ote Pa REE bos pope le shaban en § 20 mA 2 
Duration of output short-circuit to ground (see Note 3) ............. 2.20.2 eee eee ees unlimited © 
Comninious total sciiminntiond 15 io ests i Se ie ee bo eti ces See Dissipation Rating Table © 
Operating free-air temperature range: TLC354M ................ 2c ee eee ~55°Cto125°C & 
UE Soe yore ed Bee & abt seh oh ae de —40°C to 85°C e 
Pe ce ISL ees 0°C to 70°C 5 

Storage temperature (anaes 1c 6k ws aha Opes Bee he oe a ee -65°C to 150°C 
Case temperature for 6O:seconds: .FK packagé. .. i a ee Sa AS wh ee dads 260°C S) 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C og 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 
NOTES: 1. All voltage values except differential voltages are with respect to network ground. S 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vpp can cause excessive heating and eventual device destruction. 


DISSIPATION RATING TABLE 


PACKAGE Ta =< 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Tg POWER RATING POWER RATING POWER RATING 
D 7.6 mW/°C 84°C 


FK 11.0 mW/°C 104°C 
J (TLC354M) 11.0 mW/°C 104°C 


J (TLC3541, TLC354C) N/A N/A 
N N/A N/A 
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recommended operating conditions 


Common-mode input voltage, Vic 


TLC354M 
PARAMETER TEST CONDITIONSt 
MIN TYP ™M MIN TYP MAX MIN 


AX 
3 ee SRS SNCS a eS I 
Input offset voltage Vic = Vicr min, See Note 4 mV 
| 
| 
200 


Vv 
Input bias current 
MAX Ta 


S Bae cae aed 
° Be tcl te aes 
. : SaaS 
High-level Vou = 5V Does PRU 

OH Vip =1¥V 
output current lanes wom. t 
"s Pa! 8 ea RY 
: ee pee 
: EOS See 


2 
| 
. Common-mode input 
voltage range 
| 
Low-level 100 
Vv Vip = -0.5 V, lo. = 0.6 mA 
output voltage Full range 
Low-level 
lo Vip = —0.5 V, VoL = 300 mv 25°C 1 1.6 
output current 
Supply current 
Ip Vpop = 0.5 V, No load 
(four comparators) Full range 
TAll characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is —55°C to 125°C for TLC354M, —40°C to 85°C for TLC3541, and O°C 


to 70°C for TLC354C. IMPORTANT: See Parameter Measurement Information. 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 1.25 V or below 150 mV with a 10-kQ resistor between the output and Vpp. They 
can be verified by applying the limit value to the input and checking for the appropriate output state. 
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


TLe364M Tessal—=«T =SB= 
PARAMETER TEST CONDITIONSt 
Min _TvP__MAX | MIN TYP MAX 
Se ea SR SS RR: AGAR 
Vio _ Input offset voltage Vic = Vicr min, See Note 4 
Ee ES | RE GR Ses PE ES Pes ET 
Te) Input offset current 
Ee ES RS ES be Te ae 
| Bogeere sk OE a ee oe 
iT} Input bias current 
MO Sp ee ee SS ee 
0 to 0 to 0 to 
25°C 
Vpp-1 Vpp-1 Vpp-1 ¥ 
0 to 0 to 0 to 
Full range 
Vpp-1.5 Vpp-1.5 , 
'OH Vin = 1V 
Low-level 150 400 150 400 
VoL Vip = -1V, lol = 4mA 
output voltage Full range 700 
Low-level y or 
st output current tik : 
Supply current 
IDD Vop = 1V. 
(four comparators) 


T All characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is —55°C to 125°C for TLC354M, — 40°C to 85°C for TLC354I, and O°C 
to 70°C for TLC354C. IMPORTANT: See Parameter Measurement Information. 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-kQ resistor between the output and Vpp. They 
can be verified by applying the limit value to the input and checking for the appropriate output state. 


Common-mode input 


VICR 


voltage range 
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switching characteristics, Vpp = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
___ | RL connected to 5 V through 5.1 k@, | 100-mV input step with 5-mV overdrive | 650 ~~ 
Response time t - 
Ci = 15 pF*, See Note 5 TTL-level input step aca ok Sh 


t C,_ includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TLC354M, TLC3541, TLO354C 
LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


The digital output stage of the TLC354 can be damaged if it is held in the linear region of the transfer 
curve. Conventional operational amplifier/comparator testing incorporates the use of a servo-loop that is 
designed to force the device output to a level within this linear region. Since the servo-loop method of 
testing cannot be used, the following alternative for measuring parameters such as input offset voltage, 
common-mode rejection, etc., are offered. 


To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input 
as shown in Figure 1(a). With the noninverting input positive with respect to the inverting input, the output 
should be high. With the input polarity reversed, the output should be low. 


A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply 
voltages can be slewed as shown in Figure 1(b) for the VicR test, rather than changing the input voltages, 
to provide greater accuracy. 


A close approximation of the input offset voltage can be obtained by using a binary search method to 
vary the differential input voltage while monitoring the output state. When the applied input voltage 
differential is equal, but opposite in polarity, to the input offset voltage, the output will change states. 
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= FIGURE 1. METHOD FOR VERIFYING THAT INPUT OFFSET VOLTAGE IS WITHIN SPECIFIED LIMITS 
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TLO354M, TLC3541, TLC354C 
LinCiO0S™ QUADRUPLE DIFFERENTIAL COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias 
the comparator into the linear region. The circuit consists of a switching-mode servo loop in which U1a 
generates a triangular waveform of approximately 20-mV amplitude. U1b acts as a buffer, with C2 and 
R4 removing any residual dc offset. The signal is then applied to the inverting input of the comparator 
under test, while the noninverting input is driven by the output of the integrator formed by U1c through 
the voltage divider formed by R9 and R10. The loop reaches a stable operating point when the output 
of the comparator under test has a duty cycle of exactly 50%, which can only occur when the incoming 
triangle wave is ‘‘sliced’’ symmetrically or when the voltage at the noninverting input exactly equals the 
input offset voltage. 


Voltage divider R9 and R10 provides a step-up of the input offset voltage by a factor of 100 to make 
measurement easier. The values of R5, R8, RY, and R10 can significantly influence the accuracy of the 
reading; therefore, it is suggested that their tolerance level be 1% or lower. 


Measuring the extremely low values of input current requires isolation from all other sources of leakage 
current and compensation for the leakage of the test socket and board. With a good picoammeter, the 
socket and board leakage can be measured with no device in the socket. Subsequently, this open-socket 
leakage value can be subtracted from the measurement obtained with a device in the socket to obtain 
the actual input current of the device. 


R5 


Vv 
DD 1.8 k®, 1% C3 0.68 uF 


3 


7] 

Res 

U1b ro) 

1/4 TLC274CN C2 Ute - 
purreR | 4 1/4 TLC274CN = 
ta v e 

10 

oan ~ 

ne INTEGRATOR © 

= 1.8 kQ, 1% a 
\@>) 

© 

= 

G4 ro) 

0.1 uF 
4 R10 > 
100 2, 1% 
FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 
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TLC354M, TLC3541, TLC354C 
LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


Response time is defined as the interval between the application of an input step function and the instant 
when the output reaches 50% of its maximum value. Response time, low-to-high-level output, is measured 
from the leading edge of the input pulse, while response time, high-to-low-level output, is measured from 
the trailing edge of the input pulse. Response-time measurement at low input signal levels can be greatly 
affected by the input offset voltage. The offset voltage should be balanced by the adjustment at the inverting 
input (as shown in Figure 3) so that the circuit is just at the transition point. Then a low signal, for example 
105-mV or 5-mV overdrive, will cause the output to change state. 


Vpp 


INPUT OFFSET VOLTAGE 10 0 


3 COMPENSATION ADJUSTMENT 10 TURN 
= ty a6 0.1 uF 
< = 
o TEST CIRCUIT 
wep 
& OVERDRIVE 
© 
* i | de OVERDRIVE 
Q INPUT = 4 5 ia INPUT ile a = - 
© 3 a5 ] 7 
3 | 100 mV 100 mV l 
TS | | 
2 
= 
4 LOW-TO-HIGH- HIGH-TO-Low- | | 
ro) LEVEL OUTPUT LEVEL OUTPUT 7 | 
= 
= ey 
| | +H 
¢—t— tPHL 
VOLTAGE WAVEFORMS 
NOTE A: Cy includes probe and jig capacitance. 
FIGURE 3. RESPONSE, RISE, AND FALL TIMES CIRCUIT AND VOLTAGE WAVEFORMS 
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Single or Dual-Supply Operation 


Wide Range of Supply Voltages... 2 V 
to 18 V 


Very Low Supply Current Drain 150 pA 
Typ at5 V 


Fast Response Time . . . 200 ns Typ for 
TTL-Level Input Step 


Built-In ESD Protection 

High Input Impedance . . . 1012 0 Typ 
Extremely Low Input Bias Current 5 pA Typ 
Ultrastable Low Input Offset Voltage 


input Offset Voltage Change at Worst-Case 
Input Conditions Typically 0.23 »V/Month, 
Including the First 30 Days 


Common-Mode Input Voltage Range 
Includes Ground 


Outputs Compatible with TTL, MOS, and 
CMOS 


Pin-Compatible with LM393 


description 


This device is fabricated using 
LinCMOS™ technology and consists of two 
independent voltage comparators each designed 
to operate from a single power supply. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 
to 18 V. Each device features extremely high 
input impedance (typically greater than 1012 9) 
allowing direct interfacing with high-impedance 
sources. The outputs are n-channel open-drain 
configurations, and can be connected to achieve 
positive-logic wired-AND relationships. 


TLO372M, TLC3721, TLC372C 


TLC372M .. . JG PACKAGE 
TLC3721, TLC372C ...D, JG, OR P PACKAGE 


(TOP VIEW) 


TLC372M .. . FK PACKAGE 
(TOP VIEW) 


O 
Fai 
wa 

3 


NC jj 4 
#1IN- [5 
NC [J 6 
#1 IN+ [}7 


18LINC 
17] #2 OUT 
1ELINC 
15[} #2 IN- 


NC 8 14LJNC 
9 10 
aes 8 ie Eee 6 i 8 ee 
ay + © 
2222 
© —_ 
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NC—No internal connection 
symbol (each comparator) 


NONINVERTING 

INPUT IN + 
INVERTING 
INPUT IN — 


OUTPUT 


D2821, NOVEMBER 1983—REVISED SEPTEMBER 1988 


LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 
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Voltage Comparators 


The TLC372 has internal electrostatic discharge (ESD) protection circuits and has been classified with 
a 2000-V ESD rating tested under MIL-STD-883C, Method 3015.1. However, care should be exercised 
in handling this device as exposure to ESD may result in a degradation of the device parametric performance. 


The TLC372M is characterized for operation over the full military temperature range of —55°C to 125°C. 
The TLC372I is characterized for operation from —40°C to 85°C. The TLC372C is characterized for 


operation from O°C to 70°C. 


LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TLE372M, TLC372I, TLO372C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 


equivalent schematic (each comparator) 
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COMMON TO ALL CHANNELS 
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TLO372M, TLC372i, TLC372C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 


AVAILABLE OPTIONS 


SMALL-OUTLINE | CHIP-CARRIER | CERAMIC DIP | PLASTIC DIP 
(D) (FK) (JG) (P) 


TLC372CD TLC372CJG TLC372CP 


D packages are availabe taped and reeled. Add ‘’R’’ suffix to device type (e.g., TLC372CDR). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


wot wonoe. Vlity. (een: Not. 4) sik tg ee cle wleatacsin dhe ed's db bets ste Staads Gee 18 V 
Differential input voltage, Viry (eee Note: 2): i. eb i de kde ie eagle le Ses Ee pee ee +18 V 
SVGETE SE NS eon es pe ea ew ew le ee eteea AOE oo 8 ask och bie ee a Bess -0.3 V to 18 V 
OT DN ag os cp ag eae heroes star Ser Si erie Sr etT ON eT RSP ATE Ee ee Ee eae RO ae ae ee a 18 V 3 
Mie MOR Sige ds ct ts x See ES © ise ag WO ek sea ee ed ele bol oA +5 mA 
Saree Rte cs Mec a tehsil ate edie bk Sob oe be bi pec abn ote. Shue 5 pus ob ORME 20 mA ” 
Duration of output short-circuit to ground (see Note 3) ............ 0.2 ee eee eee eee unlimited %& 
OR UNUCUs TOUG CnOSIRRUIONN ~ fo. ke tical etice called w ded of ed tebe See Dissipation Rating Table i, 
Operating free-air temperature range: TLC372M .............. 200 c eee eens — 55°C to 126°C © 
TUCO Peete ihe ds docks oe dee ce > Fo -40°C to 85°C @& 
Wess 6 es ee ae o°cto70°c & 
OSE: TOINDRIENe (ONG ts... cto bic bie > ees sites. aba ote we Cie dis Boe dceSee ie —65°C to 150°C E 
Case temperature for 60 seconds: FK package.............. 2c eee eee ee ee eee tes 260°C 5 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, D or P package ......... 260°C S, 
NOTES: 1. All voltage values except differential voltages are with respect to network ground. Ss 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. oO 
3. Short circuits from outputs to Vpp can cause excessive heating and eventual device destruction. > 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Tg POWER RATING POWER RATING POWER RATING 
D 500 mW 5.8 mW/°C 64°C 


PACKAGE 


FK 500 mW 11.0 mW/°C 104°C 


JG (TLC372M) 500 mW 8.4 mW/°C 90°C 
JG (TLC3721, TLC372C) 500 mW 6.6 mW/°C 74°C 
P 500 mW N/A N/A 
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recommended operating conditions 


Supply voltage, Vpp 
Vpop = 5V 
DD F 


Common-mode input voltage, V 
inpu g iC V 10 V 
Operating free-air temperature, Ta 


PARAMETER TEST CONDITIONSt 
: ee Ge a aS RES EG 
Vio Input offset voltage Vic = Vicr min, See Note 4 
LT eee be ass 
Ee RS RR Be SR 
lip Input bias current 
~ N RceeaaT-F, SOR <3 EG Beat 


Common-mode input 


ViCR 


voltage range 


output current 


Low-level 

lOL Vip = -1V., VoL. = 1.5V 25°C 
output current 

IpDp Vip = 1V, No load 


TAll characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is — 55°C to 125°C for TLC372M, 0°C to 70°C for TLC372C, and — 40°C 
to 85°C for TLC372I. IMPORTANT: See Parameter Measurement Information. 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-k0 resistor between the output and Vpp. They 
can be verified by applying the limit value to the input and checking for the appropriate output state. 


switching characteristics, Vpp = 5 V, Ta = 25°C 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
‘ Ry connected to 5 V through 5.1 kQ, | 100-mV input step with 5-mV overdrive re Se 
Response time P 
Cy. = 15 pFt, See Note 5 TTL-level input step ce eas 


+c, includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TLO372M, TLC372i, TLO372C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


The digital output stage of the TLC372 can be damaged if it is held in the linear region of the transfer 
curve. Conventional operational amplifier/comparator testing incorporates the use of a servo-loop that is 
designed to force the device output to a level within this linear region. Since the servo-loop method of 
testing cannot be used, the following alternative for measuring parameters such as input offset voltage, 
common-mode rejection, etc., are offered. 


To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input 
as shown in Figure 1(a). With the noninverting input positive with respect to the inverting input, the output 
should be high. With the input polarity reversed, the output should be low. 


A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply 
voltages can be slewed as shown in Figure 1(b) for the VicR test, rather than changing the input voltages, 
to provide greater accuracy. 


5V 1V 


3 


APPLIED Vio APPLIED Vio 
LIMIT Vo LIMIT Vo 


(a) Vig with Vic = 0 (b) Vig with Vic = 4V 


FIGURE 1. METHOD FOR VERIFYING THAT INPUT OFFSET VOLTAGE IS WITHIN SPECIFIED LIMITS 


A close approximation of the input offset voltage can be obtained by using a binary search method to 
vary the differential input voltage while monitoring the output state. When the applied input voltage 
differential is equal, but opposite in polarity, to the input offset voltage, the output will change states. 
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TLO372M, TLC3721, TLC372C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 
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PARAMETER MEASUREMENT INFORMATION 


Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias 
the comparator into the linear region. The circuit consists of a switching-mode servo loop in which U1a 
generates a triangular waveform of approximately 20-mV amplitude. U1b acts as a buffer, with C2 and 
R4 removing any residual dc offset. The signal is then applied to the inverting input of the comparator 
under test, while the noninverting input is driven by the output of the integrator formed by U1c through 
the voltage divider formed by RY and R10. The loop reaches a stable operating point when the output 
of the comparator under test has a duty cycle of exactly 50%, which can only occur when the incoming 
triangle wave is ‘‘sliced’’ symmetrically or when the voltage at the noninverting input exactly equals the 
input offset voltage. 


Voltage divider R9 and R10 provides a step-up of the input offset voltage by a factor of 100 to make 
measurement easier. The values of R5, R8, RY, and R10 can significantly influence the accuracy of the 
reading; therefore, it is suggested that their tolerance level be 1% or lower. 


Measuring the extremely low values of input current requires isolation from all other sources of leakage 
current and compensation for the leakage of the test socket and board. With a good picoammeter, the 
socket and board leakage can be measured with no device in the socket. Subsequently, this open-socket 
leakage value can be subtracted from the measurement obtained with a device in the socket to obtain 
the actual input current of the device. 


R5 


V 
_ 1.840,1% $3 C6 nF 


U1b 
1/4 TLC274CN C2 Uic 
purer . | #F 1/4 TLC274CN 
bee : 
(X100) 
R1 
240 k? 


TRIANGLE 
GENERATOR 


R10 10 kQ, 1% 
100 2, 1% 


FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 
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TLO372M, TLO372i, TLE372C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


Response time is defined as the interval between the application of an input step function and the instant 
when the output reaches 50% of its maximum value. Response time, low-to-high-level output, is measured 
from the leading edge of the input pulse, while response time, high-to-low-level output, is measured from 
the trailing edge of the input pulse. Response-time measurement at low input signa! levels can be greatly 
affected by the input offset voltage. The offset voltage should be balanced by the adjustment at the inverting 
input (as shown in Figure 3) so that the circuit is just at the transition point. Then a low signal, for example 
105-mV or 5-mV overdrive, will cause the output to change state. 
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10 TURN 
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AS (See Note A) 
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NOTE A: C, includes probe and jig capacitance. 
FIGURE 3. RESPONSE, RISE, AND FALL TIMES CIRCUIT AND VOLTAGE WAVEFORMS 
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TLO374M, TLC3741, TLC374C 
LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS 


D2783, NOVEMBER 1983—REVISED SEPTEMBER 1988 


Single or Dual-Supply Operation TLC374M .. . J PACKAGE 


TLC374I, TLC374C .. . D, J, OR N PACKAGE 
Wide Range of Supply Voltages... 2 V (TOP VIEW) 
to 18 V 
COMP #1 OUT []1 \/14T] COMP #3 OUT 
@ Very Low Supply Current Drain 0.3 mA Typ COMP #2 OUT []2 13[ ] COMP #4 OUT 
at 5 V Vpp L]3 ~—s12{[,] GND 
@ Fast Response Time... 200 ns Typ for COMP hee a Bes COMP 
TTL-Level Input Step Bee Soles MMR i ate 2 day 
COMP ne - 9[] IN+ ) COMP 
@ Built-in ESD Protection #1 IN+ []7 8| ] IN- #3 
@ High Input impedance . . . 1012 Typ 
@ Extremely Low Input Bias Current 5 pA Typ TLC374M . . . FK PACKAGE 
(TOP VIEW) 
@ Ultrastable Low Input Offset Voltage 
Ere FF 
@® Input Offset Voltage Change at Worst-Case ra} 5 ras ra 
Input Conditions Typically 0.23 »V/Month, ada % = = 
Including the First 30 Days SSS 
ao 4 


@ Common-Mode Input Voltage Range 


VopU 4 18 }GND 
Includes Ground nets 17 INC 3 
@ Outputs Compatible with TTL, MOS, and #2 IN-{]6 16 (] #4 IN+ 
CMOS NC{] 7 15(7NC 


#2 IN ~ #4 IN— 
@ Pin-Compatible with LM339 sas 14[] 


description 


9 
2a 
| 
< 
> 


This device is fabricated using 
LinCMOS™ technology and consists of four 
independent voltage comparators designed to NC—No internal connection 

operate from a single power supply. Operation 

from dual supplies is also possible so long as the symbol (each comparator) 

difference between the two supplies is 2 

to 18 V. Each device features extremely high aera ae 

input impedance (typically greater than 101 2 0) OUTPUT 
allowing direct interfacing with high-impedance INVERTING 

sources. The outputs are n-channel open-drain INPUT IN — 

configurations, and can be connected to achieve 

positive-logic wired-AND relationships. 


Voltage Comparators 


The TLC374 has internal electrostatic discharge 

(ESD) protection circuits and has been classified 

with a 2000-V ESD rating tested under 

MIL-STD-883C, Method 3015.1. However, care should be exercised in handling this device as exposure 
to ESD may result in a degradation of the device parametric performance. 


The TLC374M is characterized for operation over the full military temperature range of —55°C to 125°C. 
The TLC374I is characterized for operation from —40°C to 85°C. The TLC374C is characterized for 
operation from O°C to 70°C. 


LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information : Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

specifications per the terms of Texas Instruments 3-127 
standard warranty. Production processing does not . 
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equivalent schematic (each comparator) 
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. TLC374M, TLC3741, TLC374C 
LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS 


AVAILABLE OPTIONS 
Pn Se eee. a aS 
Ta AT 25°C SMALL-OUTLINE | CHIP-CARRIER | CERAMIC DIP | PLASTIC DIP 
(D) (FK) (J) (N) 
TLC374CJ TLC374CN 


O°€ 
to 5 mV TLC374CD 
OG re ce eee | 
—-40°C 
85°C 
mV 


-55°C 
to 5 TLC374MFK TLC374MJ 
125°C 


D packages are available taped and reeled. Add ‘‘R’’ suffix to device type (e.g., TLC374CDR). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Perereuewrs Wemre cag. Vit) WEE PEER: P95. a. up folders eb axis tow tale ste shanabe-Q bce ath oe ite de eds aoe 
Differential input voltage, Vip (see Note 2) 
Pp MsenE PU PRMUM MN rs ie ded ws chad oa A wohw } obs DAP ace le eA ope ata sta dco eee ite Se a dae ee 
Meena TCE fe dep 0 Pan toe bea fc Clee are heiend cota: eos ae oie ee a 

eee gs 2 Ra Dd RA oS oo a a Oe MG Rae SED Pe dn STegT Lhe EMO CSG ace ITK pee Laer 

SONNE PALEMPIMNORD ONS Bm. os) aha “atv: itasdip abo, aaoidce ot Kd w ace b Row we alors fo ote Weve Gad @ Foner d sha Me ea +5 mA 


ee CRON, OOM 807s ge ba @ ok a Leth alate s-4 cfaca 4k 4 Wigs ERC be bee cet Wie ad HR Sedeas 20 mA a 
Duration of output short-circuit to ground (see Note 3) ............ 2022 eee unlimited S 
EsEIe IEA COCE MNMBNAROOI boi. 5 6 ai ee aie Reape al od oe Pach ob See Dissipation Rating Table © 
Operating free-air temperature range: TLC374M .............. 0. eee eee eee -55°C to 125°C @& 
cgi hice 2? Ss iia Ra Sa os See Boer Pees SE Ga eas -40°Ctos5s°c & 
pp tlSh vac Shey Beis Site ea eaee Re, oe een erm eR - Uaioe 02 OPC ta. 70°C E 
eee LOMMDOratine CBOE Sooo. aot pk ee ote ea wine doi ele lk eh» 5 ae ee -65°C to 150°C 5 
Case temperature for 60 seconds: FK package.............. cece ee ee ee ee ee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°c @® 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, D or N package......... 260 °C = 
NOTES: 1. All voltage values except differential voltages are with respect to network ground. = 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. > 


3. Short circuits from outputs to Vpp can cause excessive heating and eventual device destruction. 


DISSIPATION RATING TABLE 


PACKAGE Ta s 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING FACTOR ABOVE Tg POWER RATING POWER RATING POWER RATING 


D 500 mW 7.6 mW/°C 84°C 


FK 500 mW 11.0 mW/°C 104°C 

J (TLC374M) 500 mW 11.0 mW/°C 104°C 
J (TLC3741, TLC374C) 500 mW N/A N/A 
N 500 mW N/A N/A 
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recommended operating conditions 


Supply voltage, Vpp 
Vpp = 5V 


Common-mode input voltage, V 
p g IC Vpp = 10 V 
Operating free-air temperature, Ta 


PARAMETER TEST CONDITIONS 
25°C 
Vio Input offset voltage Vic = Vicr min, See Note 4 
lio Input offset current 


Biig fc to. ial, ee eee 
OS Sees ee 
Common-mode input 


MAX Ta 
VICR 


voltage range 


: Vpp-1.5 
High-level ENS ie at Lee) 2 ae) ares meee ne ART Es OS 
OH Vip = 1V 
Low-level 150 400 150 400 150 400 
VoL Vip = -1V. lo. = 4mA mV 


TLC374C 


= 
2 
| 
< 


| 
7 
= 
x 
8 
< 


SYHOLVYVdINOD TWILNIY34410 FIdNYOVND wSOW94!T 


Low-level ~ 
loL Vip = -1V, VoL = 1.5 V 25°C 
output current 


Supply current 
Ipp Vip = 1V, No load 
(four comparators) 


TAll characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is — 55°C to 125°C for TLC374M, O°C to 70°C for TLC374C, and — 40°C 
to 85°C for TLC374!. IMPORTANT: See Parameter Measurement Information. 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-kQ resistor between the output and Vpp. They 
can be verified by applying the limit value to the input and checking for the appropriate output state. 


switching characteristics, Vpp = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


5 Ri connected to 5 V through 5.1 kQ, | 100-mV input step with 5-mV overdrive 
Response time t . 
Cy = 15 pF*, See Note 5 TTL-level input step 
+c. includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TLO374M, TLC3741, TLC374C 
LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


The digital output stage of the TLC374 can be damaged if it is held in the linear region of the transfer 
curve. Conventional operational amplifier/comparator testing incorporates the use of a servo-loop that is 
designed to force the device output to a level within this linear region. Since the servo-loop method of 
testing cannot be used, the following alternative for measuring parameters such as input offset voltage, 
common-mode rejection, etc., are offered. 


To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input 
as shown in Figure 1(a). With the noninverting input positive with respect to the inverting input, the output 
should be high. With the input polarity reversed, the output should be low. 


A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply 
voitages can be slewed as shown in Figure 1(b) for the VicR test, rather than changing the input voltages, 
to provide greater accuracy. 


A close approximation of the input offset voltage can be obtained by using a binary search method to 
vary the differential input voltage while monitoring the output state. When the applied input voltage 
differential is equal, but opposite in polarity, to the input offset voltage, the output will change states. 


5V 1V 


3 


5.1 kQ 
2) 
diam 
2) 
APPLIED Vio APPLIED Vig o 
LIMIT Vo LIMIT Vo 
l l | | 3 
ig — ~ © 
(a) Vigo with Vic = 0 (b) Vig with Vic = 4 V O 
® 
FIGURE 1. METHOD FOR VERIFYING THAT INPUT OFFSET VOLTAGE IS WITHIN SPECIFIED LIMITS 5) 
= 
© 
> 
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PARAMETER MEASUREMENT INFORMATION 


Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias 
the comparator into the linear region. The circuit consists of a switching-mode servo loop in which U1a 
generates a triangular waveform of approximately 20-mV amplitude. U1b acts as a buffer, with C2 and 
R4 removing any residual dc offset. The signal is then applied to the inverting input of the comparator 
under test, while the noninverting input is driven by the output of the integrator formed by U1c through 
the voltage divider formed by R9 and R10. The loop reaches a stable operating point when the output 
of the comparator under test has a duty cycle of exactly 50%, which can only occur when the incoming 
triangle wave is “‘sliced’’ symmetrically or when the voltage at the noninverting input exactly equals the 
input offset voltage. 


Voltage divider R9 and R10 provides a step-up of the input offset voltage by a factor of 100 to make 
measurement easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the 
reading; therefore, it is suggested that their tolerance level be 1% or lower. 


Measuring the extremely low values of input current requires isolation from all other sources of leakage 
current and compensation for the leakage of the test socket and board. With a good picoammeter, the 
socket and board leakage can be measured with no device in the socket. Subsequently, this open-socket 
leakage value can be subtracted from the measurement obtained with a device in the socket to obtain 
the actual input current of the device. 


R5 
V 
ig Fok 1%. See ar 


U1b 
1/4 TLC274CN C2 
1 pF 


Uitc 
1/4 TLC274CN 


BUFFER 


sio}esedwos) abe jo, Hes) 


TRIANGLE 
GENERATOR 


R10 10 k2, 1% 
100 2, 1% 


R3 R2 
10 kQ 


100 kf 


FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 
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PARAMETER MEASUREMENT INFORMATION 


Response time is defined as the interval between the application of an input step function and the instant 
when the output reaches 50% of its maximum value. Response time, low-to-high-level output, is measured 
from the leading edge of the input pulse, while response time, high-to-low-level output, is measured from 
the trailing edge of the input pulse. Response-time measurement at low input signal levels can be greatly 
affected by the input offset voltage. The offset voltage should be balanced by the adjustment at the inverting 
input (as shown in Figure 3) so that the circuit is just at the transition point. Then a low signal, for example 
105-mV or 5-mV overdrive, will cause the output to change state. 


Vpp 


10 Q 


CL 
Ae (See Note A) 
10 TURN = 


INPUT OFFSET VOLTAGE 
COMPENSATION ADJUSTMENT 


-1V 


S. 


& n 
hae 
TEST CIRCUIT S 
© 
hes 
OVERDRIVE & 
A | i OVERDRIVE = 
INPUT eS SRaS INPUT ape ee \e) 
F ‘i . © 
| 100 mV 100 mV l © 
| | >) 
| © 
| | pn 
LOW-TO-HIGH- HIGH-TO-LOW- 3 
LEVEL OUTPUT | LEveL output | | 
pn > 
| Cee 
| | e+ — ty 
¢—t— PHL 
VOLTAGE WAVEFORMS 
NOTE A: Cy includes probe and jig capacitance. 
FIGURE 3. RESPONSE, RISE, AND FALL TIMES CIRCUIT AND VOLTAGE WAVEFORMS 
ij 
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D3241, DECEMBER 1986—REVISED FEBRUARY 1989 


Very Low Power... 100 »W Typ at 5 V TLC393M . . . JG PACKAGE 
TLC3931, TLC393C . . . D, JG, OR P PACKAGE 
Fast Response Time... 2.5 us Typ with (TOP VIEW) 


5 mV Overdrive 


@ Single Supply Operation: COMP) \jy_- 77] ouT 
TLC393M...4Vto 16 V wl als. ef) IN (COMP 
TLC3931...3Vto 16 V GND []4 sf] IN+ #2 
TLC393C ....3Vto 16 V 

High Input Impedance . . . 1012 Q Typ TLO393M . . . FK PACKAGE 
(TOP VIEW) 
Input Offset Voltage Change at Worst Case be 
Input Condition Typically 0.23 »V/Month 5 A 
Including the First 30 Days O- 0 AO 
a te 2 
@ On-Chip ESD Protection 


d “Ee NCT4 18[}NC 
escription #1IN-—{]5 17L} #2 OUT 
The TLC393 consists of two independent NCNjé 16] NC 
differential-voltage comparators designed to #1IN+1)7 15(} #2 IN- 
operate from a single supply. It is functionally NCs 14{] NC 
similar to the LM393 but uses 1/2Oth the power 910111 3 
for similar response times. The open-drain MOS 
output stage will interface to a variety of loads 2 3 <z2< 
and supplies, as well as ‘‘wired’’ logic functions. N ” 
For a.similar device with a push-pull output bss fo) 
configuration, see the TLC3702 data sheet. NC—No internal connection os 
hen 
Texas Instruments LinCMOS™ process offers © 
superior analog performance to standard CMOS symbol (each comparator) me 
processes. Along with the standard CMOS NONINVERTING > 
advantages of low power without sacrificing INPUT IN + ro) 
speed, high input impedance, and low bias INVERTING OUTPUT 
currents, the LinCMOS™ process offers INPUT IN — S 
extremely stable input offset voltages, even with o 
differential input stresses of several volts. This AVAILABLE OPTIONS A 
characteristic makes it possible to build reliable cS 
CMOS comparators. he PACKAGE > 
Viomax CERAMIC | PLASTIC 
The TLC393M is characterized for operation over Ta | 28°C] OUTLINE DIP OP 
the full military temperature range of — 55°C to = (JG) (P) 
125°C. The TLC393I is characterized for 0°C 
operation over the extended industrial to 5 mV ITLC393CD TLC393CJG| TLC393CP 
temperature range of —40°C to 85°C. The 70°C 
TLC393C is characterized for operation over the —40°C 
commercial temperature range of O°C to 70°C. jm. [ em nein] — fcc] nein 
85°C 
—55°C 
to 5 mV TLC393MFK|TLC393MJG 
Shel i prepeet ae 
The D package is available taped and reeled. Add the suffix R to the 
device type. (e.g., TLC393CDR) 
LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information “= Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to v] 
specifications per the terms of Texas Instruments 4 3-135 


standard warranty. Production processing does not 
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schematic 


OPEN-DRAIN CMOS OUTPUT 


— OUTPUT 


4 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SEDO MOR BE N CaO NTI) 68 Fy acs Galas acetate Bia Mele eet Pole ae eee —-0.3 to 18 V 
PERL IEC ORC NOUGIIOTO 2). Sok a ei tea inc ks ace ee Sane ea woe Ps woe eee og fo ag 
Pe oat a Pair ek sc she ale pe + sanxtea BBs SERN oe eo ee ely ate —0.3 V to Vpp 
CRUE RI, VO hci cove thoi sib Sin wien en 6 aka ee a The, Oe SIR oe -—0.3 V to Vpp 
lnpfus Currents Ite ie WS he cs oe ce ee ate PS Fete ae +5 mA 
Output coment, io {each output)”. 2.2... ce ERO RST Ee Re Pee Gi Ares 20 mA 
3 Total supply. culrentiinto*Vonm terminal. ..... 2. SWEAT PRS bP baty CF 40 mA 
1Otal Current ett otround terminal... .... 6. ee ee ee 40 mA 
CONTMUOIS TOTO HISRIOMTION. 0 oS wae ew ce 2 es ee ee See Dissipation Rating Table 
< Operating free-air temperature range: TLC393M .................00.00005 ~6§5°C to 125°C 
2. TELCOS). . Fucie pavieue pw, oeivee: ~40°C to 85°C 
FLCASBC fo. e945 pres OS COE er ieee. ane 0°C to 70°C 
cc Storage tomipGratire TANGO | oc asec so ye. ss ae a plein aga oon Re Ae ee —65°C to 150°C 
@ Case temperature formGOiseconder FIRDaCkAge «wuz ai tesa s nace ect e ope y nie ee ete ie betes 260°C 
CQ Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C 
o Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Ee NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
Q) 2. Differential voltages are at the noninverting input with respect to the inverting input. 
= 
4 DISSIPATION RATING TABLE 
s tae Ta < 25°C DERATING FACTOR’ Ty, = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 
D 725 mW 5.8 mW/°C 
FK 1375 mW 11.0 mW/°C 
JG (TLC393M) 1050 mW 8.4 mW/°C 
JG (All others) 825 mW 6.6 mW/°C 
e 1000 mW 8.0 mW/°C 
ENR PS TS TAD LP PSS AL TITRE NERD 2A IT, PIL RES UTE AE SU ESTE SRE AE EBSD SEPM ERA ST AUT PAE RT A CE PRE A SIR INGE AEE 
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recommended operating conditions 


BE i is ee eee ee ee EB 
Supply voltage, Vpp 4 Pee | 
rsa 
| mA 
ai 


Common-mode input voltage, Vic ¢) oo 1.5 
Low-level output current, Io. ear ee 


Operating free-air temperature, Ta 


electrical characteristics at specified operating free-air temperature, VDD = 5 V (unless otherwise noted) 
TEST CONDITIONST 
Vic = Vicrmin, 25°C 


Vio ‘Input offset voitage Vpp = 5 Vto 10 V, 
See Note 3 


| Input offset current V 2.5 V oe 
10 p Lg 25°C 

: 26°C 
Ts} Input bias current 


125°C 
VicR Common-mode input voltage range 


Vic = 2.5 V 
25°C 
55°C to 125°C 
25°C oe 
Vic = Vicrmin 125°C | oifs’ Hulrcist MAraeraeninol 
cuca eee RS Siseraeis 
ea STTREA.. Seaee 
Vpp = 5Vto 10 V 25°C aia: spit zaji Beto y viet 
ak SAS BREN Seaeees 
Vip = -1V, a DEBE SE 
VoL Low-level output voltage a oma pS Bale 


i 25°C 

High-level output t 
125°C Semaanaasacealesds x 
i anand ee a 
oe Outputs low =s5C tw 125] SCSC~« 


T All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V with a 2.5-kQ 


load to Vpp. 


2 


-55°C to 125°C 


“3 
> 


al 


Epa 
me 
BA 
Sa ae 
es 
ms 


=, 
> 


CMRR Common-mode rejection ratio 


ksyvpR Supply voltage rejection ratio 
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recommended operating conditions 


eRe ORL Se OR cma a. ee 
Supply voltage, Vpp 3 5 16 


Common-mode input voltage, Vic -~0.2 Vpp - 1.5 


Low-level output current, Io. 
Operating free-air temperature, Ta 
electrical characteristics at specified operating free-air temperature, VDD = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS? MIN TYP MAX 


Vic = Vicrmin, 25°C 1.4 5 
.¥ = 5Vto10V, V 
Sa ee Se SRI Has PRED, NT 
| | t offset ent Vier ="2.5-V 
Sigg iret sarong Ra 
iB 


Vio ‘Input offset voltage 
See Note 4 


Pee eo 
| Input bias current Vic = 2.5 V 
SGC SO ied at RR ee A es 
Ot 
V : 1 
VicR Common-mode input voltage range or V 
fe) 
—40°C to 85°C 
Vpp-1.5 
Pia So ee eae Se 
| CMRR Common-mode rejection ratio Vic = Vicrmin a 6B0C | | Oat ane Sa ern 
+ Re ie Ste ee 
— SRE 86-2 Oe at a PE 
&} | kgvr Supply voltage rejection ratio Vop'= 6Vto10v [1 age | oes 
_ SO a ST 
Vip = -1V, Bee eit 
eo) VoL Low-level output voltage mV 
“aren 
Ss | High-level output current i or O8 e ee 
oo ; Vo = 5V [Vee cog ee ee 
ge PRPS SRE ESE ae | Sse OS SR RD 
oe : Outputs low Seorquai.t ee] 
pe 
mo) TAIl characteristics are measured with zero common-mode voltage unless otherwise noted. 
| = NOTE 4: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
“” 
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recommended operating conditions 


Se ee 


Supply voltage, Vpp 


Common-mode input voltage, Vic Vpp-1. 
Low-level output current, Io. 
Operating free-air temperature, Ta 


on 


| 
© 
°o Ls) 
~ 
to) 


electrical characteristics at specified operating free-air temperature, VDD = 5 V (unless otherwise noted) 


al i a oS 

Vio __ Input offset voltage Vpp = 5 Vto 10 V, 
See Note 4 ee eee 
ee 
eae 
a 
ee eee 


Vic = 2.5 V 
; Vpp-1 
VicR Common-mode input voltage range oa 
0°C to 70°C 
a 
OL = om mA 


estan low 0°C to: 70°C 


TAIl characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 


CMRR Common-mode rejection ratio 


ksyp Supply voltage rejection ratio 


Voltage Comparators 
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TLE393M, TLC3931, TLC393C 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


switching characteristics, Vpp = 5 V, Ta = 25°C (see Figure 3) 


[Overdrive= amv | 48 
[Overdrive = Smv_ | 26 
[Overdrive = 20mv | _1.2 
[Overdrive = 40mv [tas 
Wade Vemp ative oi bits 


Overdrive =2mv [36 
us 


f = 10 kHz, 
Ci = 15 pF 


tpLH Propagation delay time, low-to-high level output 


Overdrive = mV [21 
Overdrive = 10mv | _+1.3 
Overdrive = 20mv | 0.85 


tpH_ Propagation delay time, high-to-low level output 


Overdrive = 40 mV 
V; = 1.4 V step at IN+ pin 


f = 10 kHz, 
tTHL Transition time, high-to-low level output C 15 a Overdrive = 50 mV ee 
L = 


siojeiedwoy obejop, Hee 
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PARAMETER MEASUREMENT INFORMATION 


The TLC393 contains a digital output stage which, if heid in the linear region of the transfer curve, can cause 
damage to the device. Conventional operational amplifier/comparator testing incorporates the use of a servo- 
loop that is designed to force the device output to a level within this linear region. Since the servo-loop method 
of testing cannot be used, the following alternatives for testing parameters such as input offset voltage, common- 
mode rejection, etc., are suggested. 


To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input 
as shown in Figure 1(a). With the noninverting input positive with respect to the inverting input, the output 
should be high. With the input polarity reversed, the output should be low. 


A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages 
can be slewed as shown in Figure 1(b) for the VicR test, rather than changing the input voltages, to provide 
greater accuracy. 


5V 1V 


APPLIED Vio 


3 


APPLIED V 
Limit Vo LIMIT Vo 

So Atte a : 
Py 7 ee Baws 
©) 
(a) Vig with Vic = 0 (b) Vig with Vic = 4.V “e 
Ey 
FIGURE 1. METHOD FOR VERIFYING THAT INPUT OFFSET © 
VOLTAGE IS WITHIN SPECIFIED LIMITS 2 
A ciose approximation of the input offset voltage can be obtained by using a binary search method to vary 5 

the differential input voltage while monitoring the output state. When the applied input voltage differential is 
equal, but opposite in polarity, to the input offset voltage, the output will change states. S, 
© 
Bm 
© 
> 

U 
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PARAMETER MEASUREMENT INFORMATION 


Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator into the linear region. The circuit consists of a switching-mode servo-loop in which U1A generates 
a triangular waveform of approximately 20-mV amplitude. U1B acts as a buffer, with C2 and R4 removing any 
residual dc offset. The signal is then applied to the inverting input of the comparator under test, while the 
noninverting input is driven by the output of the integrator formed by U1C through the voltage divider formed 
by R9 and R10. The loop reaches a stable operating point when the output of the comparator under test has 
a duty cycle of exactly 50%, which can only occur when the incoming triangle wave is ‘’sliced’’ symmetrically 
or when the voltage at the noninverting input exactly equals the input offset voltage. 


Voltage divider R9 and R10 provides a step-up of the input offset voltage by a factor of 100 to make measurement 
easier. The values of R5, R8, RY, and R10 can significantly influence the accuracy of the reading; therefore, 
it is suggested that their tolerance level be 1% or lower. 


Measuring the extremely low values of input current requires isolation from all other sources of leakage current 
and compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board 
leakage can be measured with no device in the socket. Subsequently, this open socket leakage value can be 
subtracted from the measurement obtained with a device in the socket to obtain the actual input current of 
the device. 


Vpp R5 
3 1.8 kQ, 1% a a a a 
U1B 
< 1/4 TLC274CN ba 
Oo BUFFER e 
pate 
© 
Vio 
@ (X100) 
© 
= 
U1A 
. 1/4 TLC274CN 
en | C1 
© 0.1 pF ae TRIANGLE 
5 GENERATOR RQ 
~ R10 10 kQ, 1% 
~” R2 100 2, 1% 
FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 
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PARAMETER MEASUREMENT INFORMATION 


Propagation delay time is defined as the interval between the application of an input step function and the instant 
when the output reaches 50% of its maximum value. Propagation delay time, low-to-high-level output is measured 
from the leading edge of the input pulse, while propagation delay time, high-to-low-level output, is measured 
from the trailing edge of the input pulse. Propagation delay time measurement at low input signal levels can 
be greatly affected by the input offset voltage. The offset voltage should be balanced by the adjustment at 
the inverting input (as shown in Figure 3) so that the circuit is just at the transition point. Then a low signal, 
for example 105 mV or 5 mV overdrive, will cause the output to change state. 


Vpp 


INPUT OFFSET VOLTAGE 10 2 
COMPENSATION ADJUSTMENT a 10 TURN 


CL 
| (See Note A) 


4 pore pF 


TEST CIRCUIT 


3 


OVERDRIVE 


INPUT oo ee 
l 
| 
l 
LOW-TO-HIGH- | 50% HIGH-TO-LOW- 
LEVEL OUTPUT | LEVEL OUTPUT 


VOLTAGE WAVEFORMS 


Voltage Comparators 


NOTE A: C, includes probe and jig capacitance. 


FIGURE 3. PROPAGATION DELAY, RISE, AND FALL TIMES 
CIRCUIT AND VOLTAGE WAVEFORMS 
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CMRR—Common-Mode Rejection Ratio— dB 


TLE393M, TLC3S31, TLC393C 
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TYPICAL CHARACTERISTICST 


INPUT BIAS CURRENT 


DISTRIBUTION OF INPUT vs 
OFFSET VOLTAGE FREE-AIR TEMPERATURE 


Number of Units 
liB-—Input Bias Current—nA 


Vio—input Offset Voltage—mV Ta—Free-Air Temperature — °C 
FIGURE 4 FIGURE 5 
COMMON-MODE REJECTION RATIO SUPPLY VOLTAGE REJECTION RATIO 
vs Ss 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


ksyvR—Supply Voltage Rejection Ratio— dB 


-75 -50 -25 0 25 50 75 100 125 -75 -50 - 
Ta-— 
FIGURE 6 FIGURE 7 


26 .°0, “20: . 60.76. 100 426 
F 


Ta—Free-Air Temperature— °C ree-Air Temperature — °C 


TData at high and iow temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICSt 


HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 
vs vs 
HIGH-LEVEL OUTPUT VOLTAGE FREE-AIR TEMPERATURE 
1000 Sp: 
==—— 
ARs IRS eRe 
ii a8 a 
—— 
TEST re — 
1 oe ta = 10°C, 


1oH— High-Level Output Current—nA 
1oOH— High-Level Output Current—nA 


OO 
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0.1 
0 2 & 6 8 10 12 14 16 
VOH—High-Level Output Voltage—V Ta—Free-Air Temperature— °C 5 
FIGURE 8 FIGURE 9 c 
tes 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE Ss 
vs vs 
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE E 
O 
® 
> 
i ! e 
o ® G 
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= = ro) 
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é 3 
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3 2 
; : 
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J ail 
S S 
eee 
0-2-4 6-8-1012. - T4146 18 20 -75 -—50 hit ic 25 50 75 100 125 
Io. —Low-Level Output Current—mA Ta—Free-Air Temperature— °C 
FIGURE 10 FIGURE 11 
tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
u 
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TLE393M, TLC3931, TLC393C 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


TYPICAL CHARACTERISTICST 


SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
Outputs low 
= foe iy seca SS wee a 
< < 
L ee es ee eA 
; 5 = 
5 E ae Be “| outputs Low 
0 S) > 
Pal 
E : | 
Ls | OUTPUTS HIGH 
Q 
A) =) 
~75 -50 -25 0 25 50 75 100 125 
~ VpD— Supply Voltage—V Ta—Free-Air Temperature — °C 
= FIGURE 12 FIGURE 13 
® 
LOW-TO-HIGH-LEVEL HIGH-TO-LOW-LEVEL 
OUTPUT RESPONSE TIME OUTPUT RESPONSE TIME 
OQ vs vs 
= SUPPLY VOLTAGE SUPPLY VOLTAGE 
no} CL = 15 pF CL = 15 pF 
o RL = 5.1 kQ (Pullup to Vpp) % 
3) , . 
ou 
Ose SE 
= - = > = 
7) & = 2 - 
ze 3 & 
ro S6 
es es 
3% £% 
8¢ 22 
| & | § 
fs zé 
~ a. 
~ 2 ~ 4 
5 = 
fo) ro) 
Vpp—Supply Voltage—V Vpp—Supply Voltage—V 
FIGURE 14 FIGURE 15 
TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
Ti 4 
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TLE393M, TLC3931, TLC393C | 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


LOW-TO-HIGH-LEVEL OUTPUT 


TYPICAL CHARACTERISTICS 


OUTPUT FALL TIME 


PROPAGATION DELAY vs 
FOR VARIOUS OVERDRIVE VOLTAGES 


SUPPLY VOLTAGE 


60 
e 50 
3 > 
£ | 
a) 
1 & ie 
os 2 
—E 30 
> - 
; ts 
8 o 20 
5 8 
a) 
he CL = 15 pF 10 
4 RL = 5.1 kQ (Pullup to Vpp) R_ = 5.1 kQ (Pullup to Vpp) 
£ Ta = 25°C TA = 25°C 
0 
0 1 2 3 4 5 0 2 4 6 8 10 im 
tpLH —Low-To-High-Level Vpp—Supply Voltage—V 3) 
Output Propagation Delay Time— js c 
FIGURE 16 FIGURE 17 = 
Q. 
HIGH-TO-LOW-LEVEL OUTPUT i 
PROPAGATION DELAY ‘o) 
FOR VARIOUS OVERDRIVE VOLTAGES © 
® 
o) 
4°) 
ps ad 
3 > Oo 
s 1 > 
re] 
oS 
> - 
E 
= | CL. = 15 pF 
= ) Ri = 5.1 kQ (Pullup to Vpp) 
® ~ 
£3 
Os 
a 
£ 
tpHL_—High-To-Low-Level Output 
Propagation Delay Time—ys 
FIGURE 18 
i 
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TLE393M, TLC3931, TLO393C 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


TYPICAL APPLICATION DATA 


The input should always remain within the supply rails in order to avoid forward biasing the diodes in the 
electrostatic discharge (ESD) protection structure. If either input exceeds this range, the device will not be 
damaged as long as the input current is limited to less then 5 mA. To maintain the expected output state, the 
inputs must remain within the common-mode range. For example, at 25°C with Vpp = 5 V, both inputs must 
remain between —0O.2 V and 4 V to assure proper device operation. 


To assure reliable operation, the supply should be decoupled with a capacitor (0.1 uF) positioned as close to 
the device as possible. 


The TLC393 has internal ESD-protection circuits that will prevent functional failures at voltages up to 2000 V 
as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling these devices 
as exposure to ESD may result in the degradation of the device parametric performance. 


12 V 


SN75603 
DIR 
1/2 TLC393 ig ated > 


3 (See 
Note A) a 
“ 5.1 ka HALF-H DRIVER 
< 5V A 
2 10 ka C1 * 1/2 
® pineb a! were SN75604 
- - watt = | MOTOR SPEED CONTROL 
10 ko ote S) POTENTIOMETER 

9 ef 
=] = 
= 10 kQ 
= F 5V HALF-H DRIVER 
= 
9) i + 
ee DIRECTION i 
© CONTROL 
” = SPDT 

NOTES: A. The recommended minimum capacitance is 10 uF to eliminate common ground switching noise. 

B. Select C1 for change in oscillator frequency. 
FIGURE 19. PULSE-WIDTH-MODULATED MOTOR SPEED CONTROLLER 
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TLE393M, TLE393i, TLE393C 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


TYPICAL APPLICATION DATA 


5V 5V 
@ MONITORS 5-V RAIL 


@ MONITORS 12-V RAIL 


@ EARLY POWER FAIL WARNING 
12V 10 kQ 


SENSE 
12 V ® 5.1 kQ 
SENSE 3.3 ko TL7705A RESET TO pP 


RESET 
1 kQ 


 2.5V 12 V 
1 pF Cc 
t 
5.1 kQ 
U Ra - ‘Dinn = 
R1 TO uP INTERRUPT Note B) 
VUNREG 1/2 “EARLY POWER FAIL” 
(See Note A) + TLC393 
R2 


R1 + m2) 
R2 
B. The value of Cy determines the time delay of reset. 


FIGURE 20. ENHANCED SUPPLY SUPERVISOR 


NOTES: A. VUNREG = 2.5( 


12 V 12 V 


R1 
100 kQ 
(See Note B) 


5.1 kQ 


OUTPUT 1 


R2 
5 kQ 
(See 
Note C) 


1/2 TLC393 
12 V 


5.1 kQ 


C1 


100 kQ 0.01 uF 
i (See 
12V Note A) 


OUTPUT 2 


1/2 TLC393 
R3 

100 kQ 

(See Note B) 


bos OUTPUT 1 Bola anne aaa 


' ' 
Rae | 
NOTES: A. Select C1 for a change in oscillator frequency where: | | 

1/f = 1.85 (100 kQ)C1 | | 


B. Select R1 and R3 to change duty cycle. OUTPUT 2 
C. Select R2 to change deadtime. i Peoria 


FIGURE 21. TWO-PHASE NONOVERLAPPING CLOCK GENERATOR 
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Voltage Comparators 
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TLE3702M, TLC3702I, TLC3702C 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


D3209, NOVEMBER 1986 — REVISED JANUARY 1989 


Push-Pull CMOS Output Drives Capacitive TLC3702M ... JG PACKAGE 
TLC3702I, TLC3702C ... D, JG, OR P PACKAGE 


Loads without Pull-Up Resistor, 
lo = +8mA GE EW) 
@ Very Low Power... 100 yW Typ at 5 V Ber td) el eo 
comp] !N- 7[J OUT { comp 
e Fast Response Time... 2.5 us Typ with #1 IN+ (]3 #2 


5 mV Overdrive GND [4 


@ Single Supply Operation: 


TLC3702M...4Vto16V TLC3702M ... FK PACKAGE 
TLC37021...3Vto16V apa 
TLC3702C...3Vto 16V 2 
Q 
@ High Input Impedance... 1012 0 Typ 95999 
@ Input Offset Voltage Change at Worst Case 70 19 
Input Condition Typically 0.23 wV/Month ncha i8(1NC 
Including the First 30 Days #1 IN—-fs 177 #2 OUT 
e@ On-Chip ESD Protection NCTj6 16()NC 
#1IN+f)7 15(] #2 IN- 
description NCfs 14(] NC 
9 
The TLC3702 consists of two independent ea Wow Vom Vue Fo 3 
differential-voltage comparators designed to 223i8s 
operate from a single supply and be compatible o = 0” 
with modern HCMOS logic systems. It is te 3} 
functionally similar to the LM393 but uses 1/20th . ~ 
me , NC—No internal connection i} 
the power for similar response times. The push- — 
pull CMOS output stage will drive capacitive symbol (each comparator) oS 
loads directly without a power-consuming pull-up S 
resistor to achieve the stated response time. NONINVERTING rs) 
Eliminating the pull-up resistor not only reduces INPUT IN + OUTPUT OQ 
power dissipation, but also saves board space INVERTING 
and component cost. The output stage is also INPUT IN — & 
fully compatible with TTL requirements. o 
ebard) 
AVAILABLE OPTIONS © 
Moeleieaes:.  . eae = 
Ta |Viomax| SMALL CERAMIC | PLASTIC 
at 25°C | OUTLINE DIP DIP 
(D) (JG) (P) 
o°c 
to 5mV_ |TLC3702CD TLC3702CJG | TLC3702CP 
70°C 
— 
TLC3702ID TLC3702IUG | TLC3702IP 
ok 
ee 
TLC3702MFK! TLC3702MJG 
one 
The D package is available taped and reeled. Add the suffix R to the device 
type when ordering. (e.g., TL3702CDR) 
LinCMOS is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain information Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS 4B 3-151 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INST RUMENTS 
POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


TLC3702M, TLC3702I, TLC3702€ 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


description (continued) 


Texas Instruments LinCMOS™ process offers superior analog performance to standard CMOS processes. 
Along with the standard CMOS advantages of low power without sacrificing speed, high input impedance, 
and low bias currents, the LinCMOS™ process offers extremely stable input offset voltages, even with 
differential input stresses of several volts. This characteristic makes it possible to build reliable CMOS 
comparators. 


The TLC3702M is characterized for operation over the full military temperature range of —55°C to 125°C. The 
TLC3702I is characterized for operation over the extended industrial temperature range of — 40°C to 85°C. The 
TLC3702C is characterized for operation over the commercial temperature range of 0°C to 70°C. 


schematic 


siojesedwioy ebeyon Mee 


PUSH-PULL CMOS OUTPUT 
Vpp 


os OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDO VONNGG, Vik (ae NOLS Vy ac jn ss 0's vse SUE a ee eee ee eee -0.3V to 18V 
Differential input verneme deee Hlote- Bio) iouinive.. ... PSS see OR ee, +18 V 
Bre WR OE wy Grice ee ane Sse acdsee bce ee awa SRC E Fee bie Seren cre eee es -0.3 V to Vpp 
Output vonage; Vo u44 &.. PRT R SPAM ow OR a eee ee ae ae —0.3 V to Vpp 
po es Ta ag Waa SNS LUN | Se hl hee Tg TR ele eS ih RY Lae +5 mA 
Output current, ioeaehoutoug os we  PRRRE RPS Sere SE ep each: | +20 mA 
FClal SUDDIY CLINTON TRO VIP TRIMMING >... ee PE REE, (MASS ae ee res 40 mA 
TOO! Curent OUT OF Grou ternal 0 cc a ce ee ee ets oe ae i tee 40 mA 
Speer Merenie Citra CMY oo ree a Se bx ed eee oe Ed ae ad ee See Dissipation Rating Table 
Operating free-air temperature range: TLC3702M............ 0. cee ee ee eee —55°C to 125°C 

hg GR Serratia eas eames —40°C to 85°C 

Rs pis sx EAMG sp REMI hk ped boas kee 0°C to 70°C 
Storage temperature sande). 1. SG sl oS sh eca DARIB fe cy toahe ss —65°C to 150°C 
Case temperature for 60 séconds:. Fi:package 2%)... 0. Dc ele ee web ele ee eae ae 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DorP package ............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .............. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
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2. Differential voltages are at the noninverting input with respect to the inverting input. 


DISSIPATION RATING TABLE 


GE Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
rei POWER RATING ABOVE Tg = 25°C POWER RATING POWER RATING POWER RATING 

D 725 mW 5.8 mW/°C 
FK 1375 mW 11.0 mW/°C 
JG (TLC3702M) 1050 mW 8.4 mW/°C 
JG (All others) 825 mW 6.6 mw/°C 
P 1000 mw 8.0 mW/°C 

4 
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TLC3702M 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


recommended operating conditions 


as ae WO Ne ee ee ee 
Supply vokage, VoD aa Ik Us 
Common-mode input voltage, Vic Be eee eee 
High-level output current, |IoH ms 
Low-level output current, Io Bsa a eS 
Operating free-air temperature, Ta Ae BG iets ries LOR Pein 


electrical characteristics at specified operating free-air temperature, Vpp = 5 V (unless otherwise 


noted) 
PARAMETER TEST CONDITIONSt 


Vic = VicRmin, 


ffset vol = V, 
VIO Input offset voltage Vpp = 5 V to 10 55°C to 128°C 
See Note 3 
el 
lio Input offset current Vic = 2.5V 
ze 
lip Input bias current Vic = 2.5 V 


pis : : 
Vpp-1 

Vop-1.5 

Vic = Vicrmin 
Vpop = 5Vto 10 V 
loH = ~4 mA 


V Low-level output voltage mer) ™ 
OL e 0 lol = 4mA is 
Supply current 
| No load, Outputs low 
DD (both comparators) P “a6 to 125°C 


t All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 


MAX 


Common-mode input 


VICR voltage range 


CMRR Common-mode rejection ratio 


KSvR Supply voltage rejection ratio 


Bos 


~ 
Oo 


3 


Voltage Comparators 
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TLC3702I 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


recommended operating conditions 


oo ae ee 
euch thage.Yoos 8 1 
Common-mode input voltage, Vic 
gee ce op rrr 


Operating free-air temperature, Ta -40 85 


electrical characteristics at specified operating free-air temperature, Vpp = 5 V (unless otherwise 
noted) 


PARAMETER TEST CONDITIONST MIN TYP MAX | UNIT 


Vic = Vicrmin, Ree ae 
Input offset voit Vpop = 5 Vto 10 V, V 
VIO nput offset voltage DD = 5 Vto 10 40°C to 85°C 7 m 
See Note 3 
5 A RRS! PRO BE 
lio Input offset current Vic = 2.5 V 
25°C Lan bee aM oe 
| Input bias current Vic =2.5V Se RE: 
Ta Sepa Mest#sv | * ves hotegea= ap eee nr 


Common-mode input 


V 
ICR voltage range 


Ot 
a v 
Vop -1.5 


Ge a Galas eae 
de eee ee 
St Bae: Someta 


Supply voltage rejection ratio  iOionint SOMME aque | 
25°C 4.5 4,7 
V, High-level output voltage eee F 
WEP Ra aes,» eae ae 
18 40 


Vic = Vicrmin 


CMRR Common-mode rejection ratio 


Vpp = 5V to 10V 


_ ; : 
Vip = -1V, 
V Low-levei output voltage mV 
- ae lo. = 4 mA pw 
3 cs 


rail hactel 
DD os No load, Outputs low 


(both comparators) —40°C to 85°C ne 


t All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
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TLE3702C 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


recommended operating conditions 


ae Ere oe eee ar a 
Supply volage, VoD 


Common-mode input voltage, Vic -0.2 Vpp-1.5 
High-level output current, Io b girnt Valse nove eee] RAE 
Lrwdaintatinign 1 
Operating free-air temperature, Ta 


electrical characteristics at specified operating free-air temperature, VDp = 5 V (unless otherwise 
noted) 


PARAMETER TEST CONDITIONST MIN TYP M 


Vic = VicRMin, 5°C 


Vpp = 5V to 10 V, 
0°C to 70°C 
See Note 3 


25°C 
| | t offset current Vic =2.5V 
70°C 
25°C 
| Input bias current Vic =2.5V 
70°C 


x 


UNIT 


Nm 


oO 
~ 
eo) 
=k 
1° ¢) 7 
a= — i) 
uo 


VIO Input offset voltage 


0 to 
Vpp-1 


a 


Common-mode input 
voltage range 


VICR 


25°C 
0°C to 70°C 


Vpp-1.5 ~ 

= 

CMRR Common-mode rejection ratio Vic = Vicrmin es 

© 

S 

ksyR _- Supply voltage rejection ratio Vpp = 5V to 10 V et = 

ae. FS 3} 

art vip = 1, a 
OH High-level output voltage (py =A HA ie... i eo BRS 

V Low-level output voltage uae ed mV = 

OL i io. = 4m 578 8 

Supply euren c= 

ae pam yee in Paces [a S 


t All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
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TL€3702M, TLC3702I, TLC3702C 
DUAL MICROPOWER LinCMOS™ COMPARATORS 


switching characteristics, Vpp = 5 V, TA = 25°C 


Overdrive = 2 mV 


Overdrive = 10 mV 


Overdrive = 5 mV 


Overdrive = 10mV_ | 


tPLH Propagation delay time, low-to-high-level output 


MIN TYP MAX 
2.7 
1.1 
1.1 


f = 10 kHz, 
tPHL Propagation delay time, high-to-low-level output C. = 50 pF 


Overdrive = 20 mV 
Overdrive = 40 mV 


V; = 1.4 V step at IN+ pin 


f = 10 kHz, 
t Fall time Overdrive = 50 mV 
= OF 
f = 10 kHz, 
t Rise time Overdrive = 50 mV 
CL = 50 pF 


siojesedwo,s) abe op ev) 
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TLE3704M, TLC37041, TLC3704C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


D3240, NOVEMBER 1986—REVISED MARCH 1989 


Push-Pull CMOS Output Drives Capacitive TLC3704M . . . J PACKAGE 
Loads without Pull-Up Resistor, TLC37041, TLC3704C . . . D, J, OR N PACKAGE 
lo = +8mA (TOP VIEW) 
Very Low Power... 200 »W Typ at 5 V COMP #1 OUT []1 (141) ComP #3 OUT 
COMP #2 OUT []2 COMP #4 OUT 
Fast Response Time. . . 2.5 ws Typ with Vop (13 12f |]GND 
5 mV Overdrive COMP (IN- [14 11D] IN . COMP 
@ Single Supply Operation: #2 N+ [Js 10[ JIN-§ #4 
TLC3704M....4V to 16 V COMP fIN — 9[ JIN y COMP 
TLC37041...3V to 16 V #1 UIN+ (77 afJIN-) #3 


TLC3704C...3Vto 16 V 
High Input Impedance . . . 1012 0 Typ 


Input Offset Voltage Change at Worst Case 
input Condition Typically 0.23 »V/Month 
Including the First 30 Days 


@ On-Chip ESD Protection 


description Vpp 4 18(] GND 
: Ncf5 17) NC 


The TLC3704 consists of four independent #2 IN 


differential-voltage comparators designed to nct)7 15) NC 


operate from a single supply and be compatible #2 IN 
with modern HCMOS logic systems. It is 
functionally similar to the LM339 but uses 
1/20th the power for similar response times. The 
push-pull CMOS output stage will drive 
capacitive loads directly without a power- 
consuming pull-up resistor to achieve the stated 
response time. Eliminating the pull-up resistor 
not only reduces power dissipation, but also 
saves board space and component cost. The 
output stage is also fully compatible with TTL 
requirements. 


AVAILABLE OPTIONS 


eas TLC3704CJ | TLC3704CN 


5 mV | TLC3704iD 
85°C 


The D package is available taped and reeled. Add the suffix 
type. (e.g., TLC3704CDR) 


LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information P 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TI 

standard warranty. Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLC3704M . . . FK PACKAGE 
(TOP VIEW) 


= 
=) 
oO 
N 
tt 
=s 
3 


nm[} #1 OUT 
| #3 OUT 
1} #4 OUT 


-UNC 


3 


~ 16 16U #4 IN+ 


+18 14] #4 IN- 


9 
= 
| 
< 
st 


NC—No internal connection 


#3 IN- UJ 
#3 IN+ UJ 


Voltage Comparators 


R to the device 


Copyright © 1986, Texas Instruments Incorporated. 
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TL€3704M, TLC3704I, TLC3704C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


description (continued) 


Texas Instruments LinCMOS”™ process offers superior analog performance to standard CMOS processes. 
Along with the standard CMOS advantages of low power without sacrificing speed, high input impedance, 
and low bias currents, the LinCMOS™ process offers extremely stable input offset voltages, even with 
differential input stresses of several volts. This characteristic makes it possible to build reliable CMOS 
comparators. 


The TLC3704M is characterized for operation over the full military temperature range of —55°C to 125°C. 
The TLC3704I is characterized for operation over the extended industrial temperature range of —40°C 
to 85°C. The TLC3704C is characterized for operation over the commercial temperature range of 0°C 
1o- 70 -<. 


symbol (each comparator) schematic 
PUSH-PULL CMOS OUTPUT 


NONINVERTING Vpp 
INPUT IN + OUTPUT 
INVERTING 
INPUT IN- 


mate dee OUTPUT 


< = 
2 absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
a See Oleg Wray Cee INTE AT) oi i.e 5 4 5 ie pin eiwlnpecs op da eee Meee one -0.3 to 18 V 
@ BH rerentia: mipet: woe 1900- NOTA 2)... oa see aks vale Oe ley See eke as +18 V 
‘@) Pear I homer ie ess sig a! RSs a oS b- « aoe eh gs gee = ieee eamedia bs Gee -0.3 V to Vpp 
ro) Cito Vorrene, Wren as ein or ee. bo Sea oem a gio ah a poainet wae ws en ce ns -—0.3 V to Vpp 
“ WIG CITI D wk os s th Che a eke 6 we on ee ee +5 mA 
Zo} irtrnst Current. 10) LONG OUTBUE).6 on... sin 5d os digs tiga’ s 3 cikgte Sodan © aes ene eee +20 mA 
& Total SUEDIy CURPONE EO VOC) TBC 5. 5 ce Sele gw ok Bee ce Ea a. a aR SOE Se 40 mA 
o Eel CPOE UIE OO II TOMI ick 5 ic ce ai a ew ee bed Oe ae Rh Ly Relea ea ae alee 60 mA 
re) Cocera tari sete Att CH MMMSUIOTT a6. Fa sek ewe Aaa sale et ky des Race wheat See Dissipation Rating Table 
ow Operating free-air temperature range: TLC3704M ...............00 eee eee — 56°C to 126°C 
pO 80 | oper m oe er enih Sec parE —40°C to 85°C 
REMI gens oa we ea ei es 0°C to: 70°C 
Storage temperature fangs 6.6. etAadS oj. soe aces bo SARA. oboe Sk eb -—65°C to 160°C 
Case temperature for 60 seconds: FK package............ 0. eee ee ees 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
DISSIPATION RATING TABLE 
paecane Ta < 25°C DERATING FACTOR’ Tag = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 
D 950 mw 7.6 mW/°C 
FK 1375 mW 11.0 mW/°C 
J (TLC3704M) 1375 mW 11.0 mW/°C 
J (All others) 1025 mW 8.2 mW/°C 
N 1150 mW 9.2 mW/°C 
4% 
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TLC3704M 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


recommended operating conditions 


Supply voltage, Vpp 


| MIN NOM MAX | UNIT _ 
a he | 


Common-mode input voltage, Vic ¢) Vpp- 1.5 V 
High-level output current, 1oH py tees A ich 


Low-level output current, Io. 
Operating free-air temperature, Ta 


electrical characteristics at specified operating free-air temperature, VDp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt MIN TYP MAX | UNIT 


Vic = Vicrmin, 


ee ee ee 
V Input offset voltage V = 5 V-to 10.V; 
ca i 7 OD : ~55°C to 125°C my 
See Note 3 


Rie eS ee 
lio Input offset current Vic = 2.5 V ees 
ae | [ea ee 

eee ee fee 
iB Input bias current Vic = 2.5 V 


VicR Common-mode input voltage range 


| 
Vic = Vicrmin 125°C 
Mc oe Oe Ra cs 


ee aaa ae 


CMRR Common-mode rejection ratio 


Vpp = 5 Vto 10 V 125°C 


Vip = 1V, 
lon = 4 mA eT ce 
lo. = 4mA AONE OR ae eee 
rn a ee 


| Supply current (four comparators) pegged, 25°C 
A aH e Outputs low 


TAIl characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 


ksyp_ Supply voltage rejection ratio ; 
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TLC37041 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


recommended operating conditions 


RS, Se STE SEE IT Tea 


35 16 
[ Commoninodallipat voltages Vig I 
Higiiivel cutee curentiog 0° rr 
cebceeal ovtput cunent ig. se | 


electrical characteristics at specified operating free-air temperature, Vpp = 5 V (unless otherwise noted) 


Vio _— input offset voltage 


UNIT 


TEST CONDITIONS? MIN TYP MAX 


Vic = Vicrmin, ea Seen i) 


Vpp = 5 Vto 10 V, 
-— 40°C to 85°C 7 
See Note 3 : 
| Input offset t Vic = 2.5 V aM 
CB alsa anid Che wen ae 
25°C 
+S Sa 3.5 WeBees fs. 
| is cele 


Ot 
‘ 
: Vpp-1 
VicR Common-mode input voltage range ee 
— 40°C to 85°C 
Vpp-1.5 


3 


CMRR Common-mode rejection ratio 


Vic = Vicrmin 


Vop = 5 V0 10 V 


Vv High-level output voltage Vip- = 1 Y, 4.5 4.7 
ign-ievei OUTPUT V 
Se io = —4 mA 
3 


ksgyvpR Supply voltage rejection ratio 


@ 
Ww 


io. = 4 mA 
Outputs low —~40°C to 85°C 


TAIl characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 


C 
V 
A 
A 
Vv 
Vv 
Vv 
A 


5 80 


si0j}esedu0s) abeon 
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TLO3704C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


recommended operating conditions 


SC ee ee ee sy i a RR 
| Sigh solagn Np wr) eo mee 8 Be eee 
High-level output current, IoyH TS eS ea 
Low-level output current, Io. eaters ves Ba 
Operating free-air temperature, Ta 


electrical characteristics at specified operating free-air temperature, VDp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS? MIN TYP MAX | UNIT 


Vic = Vicrmin, Be Se ES es 
V Input offset voltage Vv = 5Vto 10 V, 
i a i ° DD ? 0°C to 70°C = 
See Note 3 
Sater Ras Gee SAG 
| Input offset t Vic = 2.5 V 
ho, Howtetimomen | Mga a8v cot Pe 
pane pn 
| Input bi t 
70°C pive Isysieioi len wo! Sian 


VicR Common-mode input voltage range 


25°C 0 to 
Vpp-1 
0 to 
0°C to 70°C 
Vpp - 1.5 

25°C 
Vic = Vicrmin 70°C 
0°C 


25°C 
Vpop = 5Vto 10 V 70°C 
0°C 


IoOH = -4mA 70°C 
lol = 4mA 70°C 
Outputs low 0°C to 70°C 


TAIl characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 


Vic = 2.5 V 


CMRR Common-mode rejection ratio 


ksyvpR Supply voltage rejection ratio 


bh 
ol 
b 
“I 


UNIT _| 

fine ote 

pa nA 

Bee 

oA 
V 


2 re 


a 


Voltage Comparators 
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TLO3704M, TLC37041, TLC3704C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 


switching characteristics, Vpp = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Overdrive= amv | 46 
m7 


f = 10 kHz, 
C_ = 50 pF 


tpLH Propagation delay time, low-to-high-level output  Querdtive = 10m fry drat searcor 
POverdrive=20mv [14 _—s 

Overdrive=40mv | 11 _—s 
Vi= T4VstepatINe pin | CS 
La Se EGO IST I 

eae > vo tuEee 


Overdrive = 2 mV 
Overdrive = 5 mV 


Overdrive = 10mv [4.8 
Overdrive = 20mv | 0.98 —+ 


tpHL_L Propagation delay time, high-to-low-level output 


s 
us 
Overdrive = 40mv | 0.65 + 
V; = 1.4-V step at IN+ pin 


t Fall time, high-to-low-level output mee Overdrive = 50 mV 
ime, high-to-low-level outpu verdrive = 
' : CL = 50 pF 
as . f = 10 kHz ‘ 
tr Rise time, low-to-high-level output Overdrive = 50 mV 
CL = 50 pF 
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LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


D3218, JULY 1988 — REVISED MARCH 1989 


Acquisition Time... 4 us Typ JG OR P PACKAGE 


; (TOP VIEW) 
Gain Error... 0.01% Max, 
0.001% Typ for LF198A, LF398A Voc. U1 U sftoaic 
@ input Offset Voltage... OFRSET ea : : s : ig REF 
1 mV Max for LF198A, 2 mV Max for LF398A Veco 14 sf] out 
Hold Step ... 1 mV Max for LF198A, LF398A 
Very Low Feedthrough Attenuation Ratio at L PACKAGE 
f = 1kHz...96dB Typ (TOP VIEW) 
@ High Input Impedance... 1019 0 Typ Loe 
@ Logic inputs Compatible With All Logic 
Families 
description 


These sample-and-hold amplifiers use a 
combination of bipolar and junction FET 
transistors to provide precision, high speed, and 
long hold times. Input offset voltages as low as 1 mV (LF198A) and gain errors as low as 0.001% (LF198A, 
LF398A) allow these amplifiers to be used in 12-bit systems. Properly selecting the external hold capacitor 
optimizes the dynamic performance. Acquisition times can be as low as 4 us for small capacitors, while hold 
step and droop errors can be held below 0.1 mV and 30 uV/s, respectively, when using larger capacitors. 


The LF198 and LF398 are fixed at unity gain with 1010-9 input impedance independent of the sample or hold 
mode. The logic inputs are at a high differential impedance to allow easy interfacing to any logic family without 
ground loop problems. A separate offset adjust pin can be used to zero the input offset voltage in either the 
sample or hold mode. Additionally, the hold capacitor can be driven with an external signal to provide precision 
level shifting or “differencing” operation. The devices operate over a wide supply voltage range from +5 V to 
+18 V with very little change in performance. Key parameters are specified over this full supply range. 


The LF198 and LF198A are characterized for operation over the full military temperature range of —55°C to ao 
125°C. The LF398 and LF398A are characterized for operation from 0°C to 70°C. ro) 
Se 
functional block diagram AVAILABLE OPTIONS . 
~ 
OFFSET ADJ iL 
& 
eC | amv | — | .rs0sal_| LraogaP | © 
out S 
P trieeaL | — | OY 
Puree | — ‘| 
CAP 
PRODUCTION DATA documents contain information Copyright © 1988, Texas Instruments Incorporated 
Specifications per he terms of Texas instrument Texas 
spec 
. Producti ing does not r 
necessarily include testing ofall parameters. INSTRUMENTS a 
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suoijouny jeisads — 


OFFSET ADJ LOGIC LOGIC REF 


v-v 


“SWUYO UI PUB JEUILWOU ae UMOUS SANJPA JOJSISAL || 


OUT 


$92SZ SVXSL SVTIVG « ZL0SS9 XO 3ADIZHO LSOd 
SLINAWNNYLSN 
typ SVXAL 


et By 
36 k 
“ 200 k me ye 
Q24 
ge 4 hist, ro 
~ e ~ fr aw 
a j 
CAP \/ 


Vcc- 


o1WeWaYydS 


V86E41 “8647 ‘V86L47 “86141 


SHIISITdNV GIOH-GNV-JIdINVS NOISID4Yd 


LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


RSD REDE 5 STA PRESARIO POR ORE RESTS FLIES BEA SBE ISTO DY 8 BOT SAINI NRE DERN OLESEN Le eS SE LS URSA REN AE EMBL op Ee RM 8 a Ae A aR aE 
definition of terms 


Acquisition Time 

The time required to acquire, within a defined error, a new analog input voltage with an output change of 10 V. 
Acquisition time includes output settling time and includes the time required for all internal nodes to settle so that 
the output is at the proper value when switched to the hold mode. 


Aperture Time 
The delay required between a hold command and an input analog transition so that the transition does not affect 
the held output. 


Dynamic Sampling Error 

The error introduced into the held output voltage due to a changing analog input at the time the hold command 
is given. Dynamic sampling error is expressed in mV with a given hold capacitor value and input slew rate. Note 
that this error term occurs even for long sample times. 


Gain Error 
The ratio of output voltage swing to input voltage swing in the sample mode expressed as a percent difference. 


Hold Settling Time 
The time required for the output to settle within 1 mV of final value after a hold command is initiated. 


Hold Step 
The voltage step at the output of the amplifier when switching from sample mode to hold mode with a constant 
analog input voltage and a logic swing of 5 V. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Suny -Vonape; Vea, (S80 NOG 1)... y. os.) on Vale oh VO ce nme: oe SRR OoI Opa NGORS ook 18 V 
I NO Pt SOOO PION) 6 ioinol iy wince soa skoos Race ele bio ed RMP EE ¥ vas sv wie ac EE -18 V 
Wiput vonage range, Vi (any Iput, SOO INGO Tn ote. abs oi Wak ow gree cet ee re wan ones ed Voc+ 
Differential input voltage, logic to logic reference (see Note 2)............ 0. cece eee ees +30 V 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............ 0... cece eee ee unlimited 
Diranorser 1Old capacnor SHON-CICUN CUITONT oi ais BOG en oh Sb eV A ln ce ee ce o> ek aGeE es 10s 
Rear ete Koen CURIONI, in i Sv x ake pions dente alee sok eae ee See Dissipation Rating Table 
Operating free-air temperature, Ta: LF198, LF1I98A .... 1... ee ee ee ee —55°C to 125°C 

BP ee TRS aaah aot 5 nin BASRA Ein ce SKc EGE aS 0°C to 70°C 
Sloraue tempera TONG. os onc os ce ee EL eto dA Ved eae op eee eRSmWehO DERE —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: L package ................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ................... 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_ . 

2. The logic inputs are protected to +30 V differential as long as the voltage on both pins does not exceed the supply voltage. For 
proper operation, however, both the logic and logic reference pins must be at least 2 V below the positive supply, and one of these 
pins must be at least 3 V above the negative supply. 

3. The output may be shorted to either supply. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING DERATING Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING 


JG (LF198_) 500 mW 8.4 mW/°C © 
JG (LF398_) 500 mW 6.6 mW/°C 
L (LF198_) 500 mW 6.6 mW/°C 


PACKAGE 


L (LF398_) 500 mW 5.2 mW/°C 
P 500 mW 8.0 mW/°C 
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LF198, LF398 | 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


electrical characteristics in sample mode, Voc+ = +15 V, Vj = +11.5 V, Ch = 0.01 pF, Ry = 10 kQ, 
logic reference at 0 V, logic at 2.5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Vio Input offset voltage 
lip Input bias current 


Differential logic 25°C 0.8 0.8 1.4 2.4 
threshold voltage 
Beas len newig ot) Wetec eotana sofa Oe pe eee Pe 


Leakage current into hold | Voc+ = +5 V to +18 V, 25°C 
capacitor terminal Hold mode, See Note 4 

Hol acitor chargin 

current 


Zj Input impedance 


Zo Output impedance Hold mode Full range 
25°C 0.002 0.005 0.004 .01 


Input current, logic and 
logic reference 


Gain error (see Note 5) 


Feedth h att ti 


Hold sep (seeNote6) [Vo=0 «diame dC‘ SC 


Supply-voltage rejection 
ratio 


Supply current 


Acquisition time to 0.1% 
(see Note 5) 


ee 
a 
Te es Cee? Chay 

: 
Fpunge [ee 


i010 


14 24 
2 10 
30 §=©100 
5 

25°C 0.5 2 


Fullrange | === 


V = +5V to +18 V, 
ee 5V to+18 25°C 


O — 
V = + ¥ ; 
CC+ 5Vto+18V 25°C 
Ta 2 25°C 
AVoy = 10 V, = 1uF 
O OV Ch H 25°C 
AVo = 10 V, Ch = 0.01 pF 


80 110 


—* 


80 110 
4.5 5.5 
16 


tFull range is —55°C to 125°C for the LF198 and 0°C to 70°C for the LF398. 


NOTES: 4. 


5. 
yj 6. 


The effects of a rise in junction temperature due to power dissipation or elevated ambient free-air temperature can be approximated 
by doubling the 25°C value for each 11°C increase in junction temperature. The specified limit applies for the full input signal range. 
See definition of terms. 

See definition of terms. Hold step is sensitive to stray capacitance coupling between input logic signals and the hold capacitor. Stray 
capacitance of 1 pF, for example, creates an additional 0.5-mV step with a 5-V logic swing and a 0.01-uF hold capacitor. The 
magnitude of the hold step is inversely proportional to the value of the hold capacitor. 
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LF198A, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


electrical characteristics in sample mode, Vcc+ = +15 V, Vj = +11.5 V, Cy = 0.01 uF, Rp = 10 kQ, 
logic reference at 0 V, logic at 2.5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS Tat 


LF398A 
MIN TYP MA 


LF198A 
MIN TYP MAX 


~< 


ee attenuation eer 25°C 86 96 86 96 


Hold step (see Note 6) Vo = 0 25°C 0.25 1 0.25 1 


ly-vol jiecti = V to +18 V, 
ee Supp y-voltage rejection Voc+ = +5 V to +18 25°C 90 110 
ratio Vo = 0 


Voc+ = t5Vtot18V, 
Ta 2 25°C 


Acquisition time to 0.1% AVo = 10 V, Ch = 1 pF 25°C 
(see Note 5) AVoO = 10 V, Ch = 0.01 pF 


tFull range is —55°C to 125°C for the LF198A and 0°C to 70°C for the LF398A. 
NOTES: 4. The effects of a rise in junction temperature due to power dissipation or elevated ambient free-air temperature can be approximated 
by doubling the 25°C value for each 11°C increase in junction temperature. The specified limit applies for the full input signal range. 
5. See definition of terms. 
6. See definition of terms. Hold step is sensitive to stray capacitance coupling between input logic signals and the hold capacitor. Stray 
capacitance of 1 pF, for example, creates an additional 0.5-mV step with a 5-V logic swing and a 0.01-uF hold capacitor. The 
magnitude of the hold step is inversely proportional to the value of the hold capacitor. 


Icc Supply current 


nm 
on 
o 
1?) 
- 

A] oO 
a 

ol wo 
- 
on 
fon) 
on 


Lh 
[o>) 


wo 
go> 
= 
< 3 3 
ei] <|efe 


— 
ie?) 
nN 
on 
os 
oO 
NO 
a 


corset’ ae ee i025 
lip Input bias current Full range | 
pa TS 
Differential logic 
e ‘ 4 ; ; 
threshold voltage or Renee is oe Eines & 
Input current, logic and 
25°C 1 
Leakage current into hold | Voc+ = +5 V to+18 V, 
: 25°C 10 100 1 
capacitor terminal Hold mode, See Note 4 es 2: BA 
Hold capacitor chargin 
current 
zj___Input impedance Seen ae es ee sg 1910 | 2 | 
3 Ge ee i 
Zo Output impedance Hold mode epee Kec eee? Q 
25°C 0.001 0.005 0.001 0.005 
Gain error (see Note 5) Ri = 10 kQ a % 
Fulenge 
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LF198, LF198A, LF398, LF398A 


PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


\ 


TYPICAL CHARACTERISTICS, Voc+ = +15 V' 


INPUT BIAS CURRENT 
VS 
JUNCTION TEMPERATURE 


13 — Input Bias Current — nA 


1 
Ty — Junction Temperature — °C 


FIGURE 1 


GAIN ERROR 


suo oun, jeiseds we 


(Vj — Vo) — (Input Voltage — Output Voltage) — mV 


as ‘aint suas = 
FIGURE 3 


100 


125 


15 


LF198A, LF398A 
CAPACITOR TERMINAL LEAKAGE CURRENT 
VS 
JUNCTION TEMPERATURE 


10 


0.1 


Capacitor Terminal Leakage — nA 


0.001 
-7§ -—50 -25...0 ao... 400- 0.360 125 


Ty — Junction Temperature — °C 


FIGURE 2 


FEEDTHROUGH ATTENUATION RATIO 
VS 
FREQUENCY 


ee TNT 
a ay MAL Yl 


Ch, = 1000 pF al 


eae CTU 
CHT CT 
BU 0 TU 
Bg A 


10 100 1k 10k 100 k 1M 
f — Frequency — Hz 


FIGURE 4 


Feedthrough Rejection Ratio — dB 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


TYPICAL CHARACTERISTICS, Voc+ = +15 Vt 


HOLD STEP HOLD STEP 
vs vs 
INPUT VOLTAGE HOLD CAPACITANCE 


ie == 


NG Ei oe ta noc Cocca cae ee fas 1 eT he TED Ee id 6 bE oe EU 
=o. aes meee 


c ce earth 
= So ee 
Fr Fr erie —— se — sass merece 
Ss A] FEE EEN i Ht 
a 2 imattt 
mt SSH NSE 
ae Nee 
PIA 
Ne Cer cco NT 
100 pF 1000 pF 0.01 uF 0.1 pF 1 pF 
Vj — Input Voltage - V Cp, — Hold Capacitance 
FIGURE 5 FIGURE 6 
SMALL-SIGNAL DIFFERENTIAL VOLTAGE 
HOLD STEP AMPLIFICATION and PHASE DELAY 
VS VS 
LOGIC SLEW RATE FREQUENCY 


80° 


Ta 
Ma al 


70° 


| NH 
ili 


re] 
a] 
c 
2 
§ -5 60° 
= Cp, 2 0.01 pF 
= E -10 ! 50° 
CHSC ee fA 
1 ® 
D 
Ss 1. s i} 40° 
a a aa ae 
8 s 30 
o = ° 
sa LTE | INU || Ht +y Hh 
B = ] | 20° 
a a p a Al | 
h f| ° 
e I 
LUM VA TUT ; 
0° 
1k 10k 100 k 1M 
gai? Slew See ae f — Frequency — a 
FIGURE 7 FIGURE 8 
tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 7: The amplitude of the hold step varies inversely with the value of the hold capacitor. 
T i 
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Vn — Output Noise Voltage — nV/VHz 


LF198, LF198A, LF398, LF398A 


PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


Ksvr — Supply Voltage Rejection Ratio — dB 
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TYPICAL CHARACTERISTICS, Voc+ = +15 Vt 


SUPPLY VOLTAGE REJECTION RATIO 
VS 
FREQUENCY 


aL CATAL ETE ETI 
i eet A CUM 
Tt 7 eect a 
CHIT 
NEGATIVE SUPPLY ~ SST | |TII 
Sul 
CHC 
SLE A i 


10k 100 k 1M 
one Frequency — Hz 


FIGURE 9 


Vo =0 
140} Ty = 25°C 


OUTPUT NOISE VOLTAGE 
VS 
FREQUENCY 


cer MU REA 

CATE TIE TIME UT 
\ repos 

CUNT ELM LN TUT 
" \ 

i Koc i 


40 
SAMPLE ag ot 
a ill at 
ail 
10 10k 100 k 
er ene Hz 
FIGURE 11 


SHORT-CIRCUIT OUTPUT CURRENT 
Vs 
JUNCTION TEMPERATURE 


los — Short-Circuit Output Current - mA 


0 
-75 -50 -25 0 2 SO 75 
Ty — Junction Temperature — °C 


FIGURE 10 


DYNAMIC SAMPLING ERROR 
VS 
INPUT SLEW RATE 


Tyg = 25°C i Sa Se, | CO SE TOY Se OE MBA 
ere HA EE 
tt oth toh 


EHH HHEt Ch = 1000 pF aot 
oth th Baul 


7 
TTT La VGA Bi 


Sn 
1G 


t+ HHH 
hee in eneees Pet tt 
===." 


HHH 


Dynamic Sampling Error — mV 


0.1 1 10 100 
Input Slew Rate — V/ms 


FIGURE 12 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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t- Time - us 


LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


TYPICAL CHARACTERISTICS, Voc+ = +15 Vt 


APERTURE TIME. 
Vs 
JUNCTION TEMPERATURE 


AVo s 1mV 
AV; = 10V 


NEGATIVE INPUT STEP ai 


att 
cee ee adel ete 
eat 


L POSITIVE INPUT STEP 


0 
-75 -50 -25 0 25 50 
Ty — Junction Temperature — °C 


FIGURE 13 
ACQUISITION TIME 


VS 
HOLD CAPACITANCE 


LS Sa a Gl St oe SV So le = .888 


BSl) ee Be SAY ee 

Dik Fo ee Rw SS 4 

a Om SSS SC ON RO? 
See Seats ima 
HH OR AU BERT 


te 
maaiill Mmnlill 


1 00 — REA ST CS SU RR A CE SSE OS SSS 


AMT Ge UNE ERE SY. GF 2 a 


Sei cai ari coon 


MER! cell CU 


Ae tt 
22, SAA SD DIS ts 2 a Se eS eS SE 


0.01 
Ch - Hold bebo uF 


FIGURE 15 


75 100 125 


Hold Settling Time — pis 


AV/At — Output Droop Rate — V/s 


104 CECH CHINES 


onl 
oO 
1 

ss 


HOLD SETTLING TIME 


VS 
JUNCTION TEMPERATURE 


0 
-75 -50 -25 0 25 50 
Ty — Junction Temperature — °C 


FIGURE 14 


75 100 125 


OUTPUT DROOP RATE 


VS 
HOLD CAPACITANCE 


t— 
@GEEnil Pa A SB Ss 2 Re bes A 
en Scetono ce! aL Sei al GS 1 Si aH a 


SS mmenen 


p—— +++} t}+———}-_}_1+_-} 111 —LUTTING an aS oS 
7S Ce SS 1s NR DS GOS STS OOS Ue oA ES OD 2 
BBR By CN TS Ga ST A 8 ae STN Os oO ve OE 
wt inn mmees 


3 Bh ab, RE A) OO” CR HR HG) MP 


aed NG Tae eave wee aoe mmenee 

Si ee, OS a We 

a aa) a ee pS 0h ee ee ae 

th ea Se cis th ae SOT 
eet lin Nu Co 


ET eh PANU 


100 pF 1000 pF 0.01 WF 0.1 pF fl 
Cp — Hold Capacitance 
FIGURE 16 


tData at high and low temperaiures are applicable oniy within the rated operating free-air temperature ranges of the various devices. 
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LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


TYPICAL CHARACTERISTICS, Voc+ = +15 Vt 


CAPACITOR DIELECTRIC ABSORPTION CAPACITOR DIELECTRIC ABSORPTION 


vs VS 
TIME IN HOLD MODE 


HN ren 


hi a 
SS POLYSTYRENE. 


a 2 SSS PS 
Theme eS Te 


SAMPLE TIME 


0.001 


es ae 
p_._, {1 | __i wP-. 
ert — re fi 


TEFLON ft pezzi ao 
ctr | Til 
Mie ott 


ee mermorne 


Oe a 
aa. -<a__anenesse 
ee ee ee 

fp} {it} 88 CT: mw nae ts ee Soe Bis Sete oe mane 


ett EH 
et Sample Time = 100 us $e 
heer 290 pe 100 us ims 10 ms 1 ps 10 ps 100 ps 1ms 10 ms 
Sample Time Time In Hold Mode 
FIGURE 17 FIGURE 18 
OUTPUT TRANSIENT OUTPUT TRANSIENT 


AT START OF HOLD MODE 


nis Gel eed 
oN CRG 
WHEY 


AT START OF SAMPLE PERIOD 


POSITIVE INPUT SLEW RATE 
(OR SAMPLE RATE < 5 kHz) 
Ch, = 1000 pF 

noe 


0.01% (1 mV) 
SETTLING = 0.8 us 


NEGATIVE INPUT SLEW RATE 
(OR SAMPLE RATE > 5 kHz) 


Cr = 1000 pF | 
| | 


Amplitude — V 


POSITIVE INPUT SLEW RATE 
(OR SAMPLE RATE < 5 kHz) 
Ch 2 0.01 pF 


Output Amplitude — mV 


suoinoun, jeiseds pe 


NEGATIVE INPUT SLEW RATE 
(OR SAMPLE RATE > 5 kHz) 


Cp 2 0.01 pF 
0 O02 04 O06 08 1 1.2..-14.. 16 0 1 2 3 4 5 
t -— Time — ps t — Time — ps 
FIGURE 19 FIGURE 20 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


TYPICAL APPLICATION DATA 


hold capacitor 


For fast sample-and-hold applications, the value of the hold capacitor is critical. A low value gives fast acquisition 
but also increases errors due to hold step and droop caused by amplifier bias current. The capacitor should be 
made as large as possible consistent with acquisition time and dynamic sampling error requirements. Capacitors 
larger than 0.1 uF are generally not available in the low-loss dielectrics like Teflon, Polystyrene, and NPO, atleast 
not at areasonable price and size. Mylar, even with its poor dielectric absorption properties, may be areasonable 
choice when very long sample times are used and low droop rates are needed. 


Dielectric absorption in the hold capacitor can often be the major source of error ina sample-and-hold amplifier. 
The equivalent “circuit” of a typical capacitor with parallel RC networks used to model dielectric absorption is 
shown in Figure 21. In this capacitor, rapid changes in capacitor voltage are not tracked by the internal parasitic | 
capacitors because of the resistance in series with them. This leads to a “sag” effect in the hold capacitor after 
a sudden change in voltage followed by a rapid switch to the hold mode. The capacitor remembers its previous 
state via the charge in the internal parasitic capacitance and sags back slightly toward the previous voltage. The 
magnitude of the sag depends upon the voltage change and the time spent sampling the new voltage. Several 
time constants are typically evident in the sag, although some capacitors tend to exhibit a single time constant, 
while others show a sag that indicates a blending of many time constants. Figures 17 and 18 show the amount 
of sag found after a 10-V step, with sample time at the new voltage and hoid time at the new voltage as variables. 

‘It is obvious that sag problems are minimized by long sample times and short hold times. While this is often in 
conflict with basic sampling requirements, the sample-and-hold amplifier should be kept in the “tracking”, or 
sampling, mode as much as possible to maximize the time the hold capacitor spends near the voltage:at which 
it eventually “holds”. 


NOTE: C1 and C2 are approximately equal to 0.01Cp, to 0.1C,, R1 and R2 generate time constants of 0.1 to 50 ms with C1 and C2. 
FIGURE 21. TYPICAL HOLD CAPACITOR EQUIVALENT CIRCUIT 


The best capacitor for sample-and-hold applications is Teflon, which is clearly superior with regard to dielectric 
absorption and cperates over the full temperature range (—55°C to 125°C). If size or price is a problem, the 
second choice for full-temperature-range operation is NPO (or COG) ceramic units. Some care must be used 
because not all NPO capacitors use the low-dielectric-constant ceramic necessary for low dielectric absorption. 
For lower temperature (< 70°C), Polystyrene has traditionally been the best hold capacitor. The best units are 
cylindrical and fairly large; there seems to be a strong correlation between small size and poor dielectric 
performance. Polypropylene has nearly the same absorption properties as polystyrene and offers 85°C 
operation; it also tends to be smaller. Other standard dielectrics such as mica, glass, mylar, and ordinary ceramic 
are much worse with regard to dielectric absorption. Mylar is sometimes used for large values when the ratio 
of sample to hold time is large and extremely low droop is required. 


Special Functions a 


dynamic sampling error 


A significant sampling error can occur in any sample-and-hold amplifier if the input is moving when the unit is 
put into the hold mode. The two major causes for this error are digital delay in switch opening and analog delay 
across the hold capacitor. The switch opening delay is obvious and leads to a “held” output error of (dv/dt) x tg; 
dv/dt is the slew rate of the input signal and tg is the switch delay. For this device, ty is approximately 150 ns, 
giving a 4.5-mV error when sampling the zero crossing of a 5-V (peak) sine wave at 1 kHz (dv/dt = Ax 2nf = 
5 2 x 103). The analog delay is the difference between input signal and capacitor voltage. It is determined 
by the RC product of the hold capacitor and the effective series resistance, which in this device is about 150 Q. 
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LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


TYPICAL APPLICATION DATA 


This analog delay with a 0.01-uF hold capacitor is R x C = 150 x 10-8 = 1.5, or about ten times the delay 
of the switch. The held output is related in time to the input voltage before the hold command was given. The 
overall dynamic sampling error is the sum of the digital and analog errors. Figure 12 helps estimate these errors 
as a function of input slew rate and hold capacitor size. 


Dynamic sampling error can be reduced by a factor of ten or more by inserting a delay in the logic input so that 
the “hold” command is delayed by an amount equal to the RC time constant of the device and the external hold 
capacitor. Fora0.01-uF hold capacitor and the 150-Q resistor internal to this device, this value is 1.5us. Asimple 
RC network can be used in front of the logic input for delays up to approximately 1 us. Longer delays require 
the addition of a logic gate to speed up the rise time of the delayed signal. See “logic rise time” for further details. 


hold step 


suonouny jeiseds a 


Hold step is the small voltage step (after settlina) seen at the output of a sample-and-hold amplifier when it is 
switched from the sample mode to the hold mode with a steady dc input. Hold step is typically the result of, or 
can be modeled as, a fixed quantity of charge transferred to the hold capacitor due to internal switching that 
occurs during the hold command. In the case ofthis device, that charge is approximately 5 pC, giving a hold step 
of 0.5 mV fora0.01-uF hold capacitor and 5 mV fora 1000-pF hold capacitor (V = Q/C). Holdstep is reasonably 
independent of logic amplitude if care is taken to minimize the stray capacitance between the logic input and the 
hold capacitor. With thoughtful layout, including the guarding technique shown in Figure 21, stray capacitance 
should be under 0.3 pF, limiting charge variations to less than 0.3 pC/V. 


VcCc+ 


OFFSET ADJ 


GUARD TOP AND 
BOTTOM OF BOARD 


| 
\ 
HOLD CAPACITOR ~~ —__ gy tput 
| | 


NOTE: Use 10-pin layout. The guard around Cy is tied to output. 
FIGURE 22. GUARDING TECHNIQUE (BOTTOM VIEW) 


Hoid step varies slightly with analog input voltage (see Typical Characteristics). A typical unit changes at a rate 
of 0.4pC/V. This slight variation manifests itself as a gain error when the amplifier is switched to the hoid mode. 
With a 0.01-uF capacitor, the resulting gain error is (0.4 pC/V)/0.01 uF = 0.004%. This gain error is in the 
opposite direction of dc (sample mode) gain error. When the hold capacitor has a high value, de gain error 
dominates and gain is slightly below unity (0.002%). When the hold capacitor has a low value (< 0.01 uF), gain 
error induced by hold step dominates, and hold-mode gain is slightly above unity. Zeroing out hold step does 
not change the variation of hold step with regard to input voltage. 
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offset zeroing 


Asample-and-hold amplifier has two distinct offset voltages. The first is the dc offset voltage of the amplifier while 
in the sample, or “tracking,” mode. It is identical to the input offset voltage of any operational amplifier. The 
second offset voltage is the sum of the dc offset voltage plus a dynamic term called hold step. Hold step is a 
change in output voltage when the amplifier is switched from sample mode to hold mode with the input held 
steady. This second offset voltage is often called hold-mode offset voltage. !t can be less than or much greater 
than the dc offset voltage, depending on the magnitude and sign of hold step. 


A fairly accurate model for hold step is a fixed charge injected into the hold capacitor by the switch turn-off 
circuitry. The magnitude of the charge is reasonably independent of logic input amplitude. The resulting change 
in the hold capacitor is Q/C;,. The charge Q is typically 5 pC, giving a 0.5-mV hold step with a 0.01-uF hold 
capacitor. Since most sample-and-hold amplifiers are “used” (i.e., have their outputs read by an A-to-D 
converter), during the hold mode, hold-mode offset voltage is arguably more important than the sample-mode 
dc offset voltage. 


Adjusting dc offset voltage is accomplished with a 1-kQ low TC cermet potentiometer tied to Voc, with 0.6 mA 
flowing through it and the wiper tied to pin 2. This allows pin 2 to be moved + 300 mV around its nominal voltage 
(0.3 V below Voc). The offset voltage adjustment range is + 9 mV, and the adjustment procedure nominally 
improves offset voltage drift when the dc offset voitage is reduced to zero. This offset method can be used to 
zero out hold-mode offset voltage, but at the expense of some induced offset voltage drift. Each millivolt of hold- 
step offset corrected by this method introduces 3.3 uV/°C drift. For 0.002-uF hold capacitors or larger with hold 
step afew millivolts or less, this is a practical solution to hold-mode offset voltage. In precision, wide-temperature- 
range applications, or when Cp is less than 0.002 uF, a separate hold-mode zeroing method should be used. 
The circuit shown in Figure 28, which uses a logic inverter and a 5-pF capacitor, is recommended. 


logic fall time 


Hold step is independent of logic input fall time only for fall times faster than 10 V/us. For example, as logic fall 
time changes from 10 V/us to 1 V/us, hold step with a 0.01-yF hold capacitor typically increases from 0.25 mV 
to 1 mV. (See Figure 7 for more data and refer to Figure 23.) If logic slew rate is not constant, use the value 
at the threshold point (1.5 V with respect to logic reference). An RC network will have a discharge slew rate of 


V,/RC, where V is the logic threshold of the LF198. The delay generated by the network will be RC x In(Voc,/ a 
V,_), where Voc, is logic amplitude. For a 1-us delay with 5-V logic , an RC time constant of 0.8 us is required. © 
This has a slew rate of 2 V/us at threshold, which slightly degrades hoid step. It is obvious thatan RC delay ‘ys 
network significantly longer than 1 ps will have a large effect on hold step. If longer delays are required, they 2 
should be followed by several inverter stages or a Schmitt trigger to increase slew rate. = 
LL. 
Vcc + onli 
& 
oO 
® 
o. 
~” 
LOGIC 
(See Note) 
+c 
NOTE: Inverters may be eliminated for RC < 3 us. 
FIGURE 23. ADDING DELAY TO LOGIC INPUT 
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LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


TYPICAL APPLICATION DATA 


LF198 ; 
ae as Be 
HOLD 


THRESHOLD = 1.4V 


THRESHOLD = 1.4V 


(a) TTL and CMOS 
Vin (High State) = 3 V to 10 V 


NOTES: A. Select R1 for 2.8 V at pin 8. 


Voc + 


THRESHOLD = 0.6Vcc , - 1.4V 


(b) CMOS 
Vin (High State) = 7 V to 15 V 


8.2 kQ 
SAMPLE 


THRESHOLD = -4V 
(c) OP AMP DRIVE 


B. The logic input signal high level must be at least 2 V below the positive supply voltage of the device. 


FIGURE 24. LOGIC INPUT CONFIGURATIONS 


15V 
At Bi Ci (see Note A) 
100 kQ = LF198 
ie out 


NOTE A: For lower gains, the LT1008 must be frequency 
compensated. Use approximately (100/Ay) pF from 
comp2 to ground. 


FIGURE 25. x1000 SAMPLE-AND-HOLD 


VB ---- (see Note A) 


‘Note B 
Vi (see Note B) 


0.01 uF 
H r] RESET 
TRACK 
NOTES: A. Vo = Vgp+AV; (Hold mode). 
B. This resistor protects input from surge 
currents but increases sample time. It can 
be eliminated if input is otherwise protected. 


C. Output follows input in hold mode and 
resets to Vp in sample mode. 


FIGURE 26. SAMPLE-AND-DIFFERENCE 
CIRCUIT 
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PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


TYPICAL APPLICATION DATA 


RESET = Kee 
RAMP = 0V ICh 
NOTE A: Select R2 for ramp rate AV/At = 1.2 V/(R2)(Cy), 


R210 kQ. 


FIGURE 27. RAMP GENERATOR WITH 
VARIABLE RESETLEVEL ~ 


A INPUT 
LF398 


ASELECT = i oe 


| PARAMETER | A |B | UNIT 


ee SS SB 
Be ee Re 


Crosstalk ati kHz | -90 | 


FIGURE 29. 2-CHANNEL SWITCH 


NOTES: A. Adjust R3 for amplitude. 
B. Select for time constant C1 = 1/100 kQ. 


FIGURE 31. CAPACITOR HYSTERESIS 
COMPENSATION 


Vv Ri 
R2 D1 
(see Note A) LT1004 
5 1.2V 


OUT 


DC 
24kQ 1kQ 


5 pF 
AC (HOLD STEP) 
ZERO 


OUT 
(see Note A) 


NOTE A: Output equals Voc when in hold mode. Output 
equals (Vcc + Vic) when in sample mode. 


FIGURE 30. DIFFERENTIAL HOLD 


Special Functions i 


, 
NOTE A: Select (R},)(C,) >> ———— 
elect (RR)(Cp) > 2ri(MIN) 
FIGURE 32. OUTPUT HOLDS AT 
AVERAGE OF SAMPLED INPUT 
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LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


TYPICAL APPLICATION DATA 


OUT 
5V RESET 
OV Sic 
5V edie (see Note A) 
OV 
C4 
I 300 pF 1 
NOTE A: Select R6 for step height. 50 kQ = 1-V step. 
FIGURE 33. STAIRCASE GENERATOR 
7 es 6 
RE ; 
100 Q LM135 
(see Note A) 10 mv/°C 
OUT 
o1urL 10 mV/°K 


-15V 


NOTE A: R8 compensates for transformer resistance. Select for flat output from LF198 
while in sample mode. 


FIGURE 34. ISOLATED TEMPERATURE SENSOR 
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RESET Vp 
LEVEL OUT (see Note A) 
INPUT | LF398 
= R2 
RESET 200 kQ 
1% 
INTEGRATE — 


R1 
DIFFERENTIAL 1 MQ 
INTEGRATING 1% 
INPUT 
R3 R4 
1MQ 200 kQ2 
1% 1% 


(R1)(Cp) “0 


FIGURE 35. INTEGRATOR WITH 
PROGRAMMABLE RESET LEVEL 


{ t 
NOTE A: Vo(Hold mode) = ea vt +VR 


72) 
Nota 33 ko D3 & 
1N914 R14 Q 
(see Note A) | 56 kQ (see Note B) 1N4001 2 
O 
= 
a 
LL. 
— 
1S) 
® 
a. 
“” 
NOTES: A. D1 is used for start-up. It limits duty cycle to approximately 75%. 
B. Select for optimum loop stability. C3 is nonpolarized. 
C. No tachometer is needed; back EMF of motor is sampled and used to control speed. 
FIGURE 36. MOTOR SPEED CONTROLLER 
| Texas a6 
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LF198, LF198A, LF398, LF398A__ 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 


TYPICAL APPLICATION DATA 


15V 


OUTPUT TO SYNCHRONIZED 
A/D CONVERTER 
(see Note A) 


C5 
£ 0.1 pF 


DVM OUTPUT 
(see Note B) 


SN74121 


C4 
1000 pF 


NOTES: A. Read > 1 us after Q goes low. 
B. For repetitive pulses only. Increase C5 for f < 10 kHz. 
C. D2-D5 1N914. 


FIGURE 37. PULSE DURATION TO VOLTAGE CONVERTER 


15V 15V 


10-usSAMPLE >| |¢ IN 


5V LF398 
ze : 
0.02 pF 


FIGURE 38. FAST-ACQUISITION, LOW-DROOP SAMPLE-AND-HOLD 
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LM2907, LM2917 
FREQUENCY-TO-VOLTAGE CONVERTERS 


D3003, MARCH 1986—REVISED OCTOBER 1988 


Output Swings to Ground for Zero- LM2907, LM2917 . .. D OR P PACKAGE 
Frequency Input (TOP VIEW) 


@® Only One RC Network Provides Frequency 
Doubling for Low Ripple 


@ §8-Pin Versions Interface Directly to Variable- 
Reluctance Magnetic Pickups 


@ Uncommitted Collector and Emitter Outputs 
Provide 40-mA Sink or Source Current to 
Operate Relays, Solenoids, Meters, or LEDs 


LM2907, LM2917 ... D OR N PACKAGE 
(TOP VIEW) 


Built-In Hysteresis for Noise Immunity 
Linearity Typically +0.3% 


8-Pin Versions are Fully Protected from 
Damage Due to TACH Input Swing Above 
Vcc and Below Ground 


applications 
NC—No internal connection 


Over/under speed sensing 
Frequency-to-voltage conversion 
Speedometers 

Breaker-point dwell meters 
Hand-held tachometers 
Speed governors 

Cruise control 

Automotive door-lock control 
Clutch control 

Horn control 

Touch or sound switches 


description 


The LM2907 and LM2917 are monolithic frequency-to-voltage converters with an output circuit designed 
to operate a relay, lamp, or other load when the input frequency reaches or exceeds a selected rate. The 
converter (tachometer) section consists of a comparator driving a charge pump and offers frequency 
doubling for low ripple, full input protection in 8-pin versions, and an output swing to ground for a zero- 
frequency input. The output section consists of an operational amplifier, normally operating as a comparator, 
that drives an output transistor with both the collector and emitter floating. The circuit can either sink 
or source 40 mA of load current. 


Two basic configurations of the devices are offered; an 8-pin version and a 14-pin version. The 8-pin versions 
have a ground-referenced tachometer input and an internal connection between the tachometer output 
and the operational amplifier input. The 8-pin version is well suited to single-speed or single-frequency 
switching or fully buffered frequency-to-voltage conversion applications. The more versatile 14-pin versions 
provide differential tachometer inputs and uncommitted operational amplifier inputs. In the 14-pin versions, 
the tachometer input can be floated and the operational amplifier becomes suitable for active filter 
conditioning of the tachometer output. 


” 
& 
2 
~~ 
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S 
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The LM2917 has an active shunt regulator connected across the power leads. The regulator clamps the 
supply voltage so that stable frequency-to-voltage and frequency-to-current conversions are possible with 
any supply voltage and a suitable resistor. 


The LM2907 and LM2917 are designed for operation from —40°C to 85°C. 


PRODUCTION DATA documents contain information A 
ei - of poy date. ree cestete ~ 4 
specifications the terms of Texas Instrumen 

stondard warrant . Production processing does not TEXAS 


necessarily include testing of all parameters. INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


Copyright © 1986, Texas Instruments Incorporated 


4-21 


LM2907, LM2917 
FREQUENCY-TO-VOLTAGE CONVERTERS 


functional block diagrams 


8-PIN VERSIONS 


(5) 


TACH + 
CHARGE 
PUMP 
6 
Vec -& ns CAP1 CPO/IN + 
| 


% (LM2917 ONLY) 


14-PIN VERSIONS 


CHARGE 
PUMP 


(9) 
Vcc iOS ind CAP1 CPO IN+ 


a {(LM2917 ONLY) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


= EEE CE MIR gang 2" i. 0 Y Sa rr a ear eer ne iene arg, Sones ones. ere peenannl peerqar sl 28 V 
im.) eA ACE INTE MEN CTE JE ig gy. oes svi, nea hoe aise RE oye 2G Sue RL Aa eM Ok ACRE we we Seed 25 mA 
QO. vo ANE AYES oe SE ENE Sala alae eae ta bg calgon ed oar med aA bh 28 V 
a Operational amplifier input voltage, IN¢+ and IN— .......... 0... ee eee ee ee OVtoVcc 
“11 Tachometer input voltage: 8-pin version TACH+ ............. 2c ee eee ee ee tees OV to 28 V 
a 14-pin version TACH + and TACH— ......,.....00408: OVtoVcc 
| eM eIttIeI StI IOUT ney es Accs Se Oe Noone én nee ed See Dissipation Rating Table 
Q Operatiia tee-air TOMmpormture. Tange < -. 6 ee ek ks ee gn ON Ew ee —- 40°C to 85°C 
roy Storage; taninarature (ANGE. asectoleoay Os 8 ia cave dss carl ushenee eal —65°C to 150°C 
s Lead temperture range 1,6 mm (1/16 inch) from case for 10 seconds.................. 260°C 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING FACTOR Ta = 85°C 
POWER RATING ABOVE Tg = 25°C POWER RATING 
D (8 pins) 725 mW 5.8 mW/°C 
D (14 pins) 900 mW 7.2 mW/°C 

N 1000 mW 7.7 mW/°C 


PACKAGE 


is 900 mW 7.2 mW/°C 
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LM2907, LM2917 
FREQUENCY-TO-VOLTAGE CONVERTERS 


~ 


electrical characteristics, Vcc = 12 V (LM2907), V+ = 12 V through 470 2 (LM2917), Ta = 25°C 


converter (tachometer) section 


PARAMETER TEST CONDITIONS ———s 
MIN TYP MAX 


VT Input threshold voltage Vij = 250 mV, f = 1kHz |+10° +15 +40 
y Input hysteresis Vi = 250 mV os te 30 
NYS (see Note 1) ox te ¥ ' 


y Input offset Vi = 250 mV, f = 
10 voltage (see Note 1) Vip = 250 mV, f = 1 kHz 3.5 10 


Low-level output 
VOL er 4 Vi or Vip = -—125 mV 
voltage, CAP1 
| Output nt, CAP1. CPO CAP1 and CPO at 6 V 140 180 240 
rrent, . 
marae CAP1 and CPO at 3.8 V 140 


CAP1 open, CPO at 0 V, 
Leakage current, CPO 
See Note 3 


1 


ie.°) 
oO 


—_ 


0.3 


output section 


PARAMETER TEST CONDITIONS won ee 
MIN TYP MAX | MIN TYP MAX 
TER Sa Hees Vi=6V, See Note 3 
V; = 3.8 V, See Note 3 


| PAGES v= 6V ee ER 
las Curren 

. Vi= 38V oe 

Ay Voltage amplification Vantaa! Soe ee 


Ic Collector output (sink) current | Vc = 1V, Ve =O 40 50 


| Vimv _| 
[OAs 
| mA | 


V 
A 
V/mV 
A 
A 
V 


m 
n 

m 
m 


NOTES: 1. Hysteresis is the algebraic difference Vt 4 -—V7-—; offset voltage is the difference in magnitudes |VT+| — |VT—|. See 
parameter measurement information test circuits. 
2. Nonlinearity is defined as the deviation of Vo at CPO for f = 5 kHz from a straight line defined by the Vo at 1 kHz and Vo 
at 10 kHz, with C1 = 1000 pF, R1 = 68 kQ, C2 = 0.22 pF. 
3. Pin 2 must be bypassed with a 0.001-yF capacitor to prevent oscillation for these tests. 


3 10 
200 
—10 


Collector-emitter 
VCE(sat) 


saturation voltage 


” 
a 
2 
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© 
c 
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LM2907, LM2917 
FREQUENCY-TO-VOLTAGE CONVERTERS 


electrical characteristics 
zener regulator (LM2917 only) V+ = 12 V through 470 Q, Ta = 25°C 


igi | Deans meatnons | oh. <0, oie. pues | nO SL | apenas Ae | 
avcc Temperature coefficient of regulated supply voltage eee RS CS 


total device (LM2907 only) Vcc = 12 V, Ta = 25°C 
iec__Supply curren 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


TACH + 


CAP1 


CPO 


WAVEFORMS 


FIGURE 1. TEST CIRCUIT AND WAVEFORMS 
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TYPICAL APPLICATION DATA 


The LM2907 and LM2917 frequency-to-voltage converter circuits are designed for maximum versatility 
with a minimum of external parts. The first stage of these devices is a differential comparator. The single- 
input 8-pin versions have one input grounded so that an input signal must swing above and below ground 
and exceed the input thresholds to produce an output. This version is specifically for magnetic variable- 
reluctance pickups, which typically provide a single-ended ac output. These single-ended inputs are fully 
protected against voltage swings to +28 V, which are easily attained by these types of pickups. 


The differential-input 14-pin versions provide the option of setting the input reference level and still having 
hysteresis around that level to provide excellent noise rejection in any application. The input protection 
is removed in the 14-pin versions. Therefore, neither of the differential inputs should exceed the limits 
of the supply voltage. An input must not go below ground without a resistance in the lead to limit the 
current that will flow in the epi-substrate diode. The charge pump circuit that follows the input stage 
produces a dc output voltage proportional to the input frequency. The charge pump circuit (see Figure 2) 
consists of a timing capacitor (C1), an output resistor (R1), and an integrating or filter capacitor (C2). When 
the input changes state (due to a suitable zero crossing or differential voltage on the input), the timing 
capacitor is either charged or discharged linearly with a constant current of 200 nA through CAP1 between 
two voltages whose difference is VC¢/2. Within one-half cycle of the input frequency or a time equal to 
1/2f, the change in charge on C1 is equal to (VCC/2)C1. The average amount of current pumped into or 
out of the capacitor is: 
CAP1 ae HR vicc. a 

current (average) = 7 = C1 ie 2f = Vcc «f+ C1 
The output of the charge pump accurately mirrors the CAP1 current into the load resistor (R1) connected 
to CPO. If the pulses of current are integrated with a filter capacitor, the output voltage is the average 
CAP1 current times R1, and the total equation becomes: 


Vo = Vcc: f*+Ci*+R1ie«K 
where K is the gain factor, which is typically 1. 


The size of C2 is dependent only on the amount of ripple allowable and the required response time. 


selection of R1, C1, and C2 


To achieve optimum performance, there are some limitations to be considered in the selection of R1 and 
C1. The timing capacitor controls the RC time and provides internal compensation for the charge pump 
circuit. For very accurate operation it should be 100 pF or greater. Smaller values, especially at lower 
temperatures, can cause an error current through R1. VO/R1 must be less than or equal to the output 
current at CPO, which is fixed typically at 180 yA. If R1 is too large it becomes a significant fraction of 
the output impedance at CPO, which degrades the linearity. In addition, ripple voltage must be considered 
when selecting R1. The size of C2 is directly affected by the size of R1. An expression that describes 
the ripple content at CPO is: 


Vripple = ene a °(1 -—-Vcc ef-s 5) volts peak-to-peak 
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where 


C1 and C2 are in farads 
VCC is in volts 
f is in hertz. 
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LM2907, LM2917 
FREQUENCY-TO-VOLTAGE CONVERTERS 


TYPICAL APPLICATION DATA 


R1 cannot be chosen independently of ripple because response time or the time it takes Vo to stabilize 
at a new level increases as the size of C2 increases. A compromise between ripple, response time, and 
linearity must be chosen carefully. As a final consideration, the maximum attainable input frequency is 
determined by Vcc, C1, and Icap (current through CAP). 


oi et 
fmax = “ VEG hertz 


where 
Icap is typically 200 pA 
C1 is in farads 
VCC is in volts. 


zener regulator options (LM2917) 
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For those applications in which an output voltage or current must be obtained independently of supply 
voltage variations, the LM2917 can be used. The most important factor in selecting a dropping resistor 
for the unregulated supply is that the frequency-to-voltage converter circuit and the operational amplifier 
alone require approximately 3 mA at the voltage level set by the zener diode. At low supply voltages there 
must be some current flowing in the resistor above the 3 mA circuit current to operate the regulator. As 
an example, if the supply voltage varies between 9 and 16 V, a resistance of 470 Q will minimize the 
zener voltage variation to typically 160 mV. If the resistance goes under 400 Q or above 600 0), the zener 
variation quickly rises above 200 mV for the same input variation. 


Vcc 


CHARGE 
PUMP 


EMITTER-FOLLOWER 
OUTPUT 


FIGURE 2. MINIMUM-COMPONENT TACHOMETER 
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Differential Inputs and Outputs J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Channel Select Time . . . 20 ns Typ 
Bandwidth Typically 50 MHz 

16-dB Minimum Gain 

Common-Mode Rejection Typically 85 dB 


Broadband Noise Typically 25 »V 


description 
NC—No internal connection 


The MC1445 is a general-purpose, gated, dual- 
channel wideband amplifier designed for use in 
video-signal mixing and switching. Channel 
selection is accomplished by control of the 
voltage level at the gate. A high logic level 
selects channel A; a low logic level selects 
channel B. The unselected channel will have a 
gain of one or less. 


FUNCTION TABLE 


The MC1445 is characterized for operation from 
OFC 16-75"... 


block diagram 


D2572, JANUARY 1980—REVISED APRIL 1988 


MC1445 
GATE-CONTROLLED 2-CHANNEL-INPUT VIDEO AMPLIFIER 


IN+B 
IN-B 
(7) NONINVERTING 
rach: OUTPUT OUT + 
IN-A (1) INVERTING 2 
OUTPUT OUT - ro) 
bs 
ATE 
. e 
. . . . . me 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) hada 
Supply. voltage, Vco4 (eee Note: 1)... Nia ee on SEY P.O a eign, 12V & 
Supsly: Veltade, vite. tee ee) so ce i eee ee Pee dh Fle ce SHONUT SOE Ie -12V 0 
Ditterential input Voltage, Vit ieee Note 2) ono cies 2s epeceesne a ce eh es 9 RE VAD QR Agar +5 7 4 
SITE CANTOR IO) ro he e's ec, & ath a dc eo Mee eT MME ak e's eb cee Sete a a ae +25mA @& 
(eerie (aes CGGMIBUION 4.5 oki oe Pek ks Se Ghee oe ea See Dissipation Rating Table 
CGI AU APOO- BIT TRITISOTOTUNG 505 oo os SS ei, pa Feel le a ae we doe we hee ye AED EE O°G ito 75°C 
SrpCOGe TOMOTAUUFO TOMOO oie a. Kee ees apes mrp ok Ae gh te ph ee ss ~65°C:'to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 
NOTES: 1. Voltage values, except differential input voltage, are with respect to the midpoint of Vcc + and Vcc -_. 

2. Differential input voltages are measured at a noninverting input terminal with respect to the appropriate inverting input terminal. 
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to } 
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MC1445 
GATE-CONTROLLED 2-CHANNEL-INPUT VIDEO AMPLIFIER 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATE Ta = 75°C 
POWER RATING FACTOR ABOVE Ta | POWER RATING 
626 mW 8.2: mW/°C 74°C 615 mW 


recommended operating conditions 


J 
N 


Supply voltage, Vcc + 
Supply voltage, Vcc — 
Operating free-air temperature range, Ta 


UNIT 


PARAMETER TEST CONDITIONS MIN TYP MAX 


-signal | ded 
A Large-signal single-ende f = 125 kHz, V; = 20 mV 
voltage amplification 


B Bandwidth Vj = 20 mV 
N 
| 


3 
< 


V Input offset voltage 
Input offset current 
| Input bias current 
y Common-mode 
voltage range 
Voq Quiescent output voltage 
Maximum peak-to-peak 
output voltage swing 
V 


VS Voce 
Ww 
10 
O 
B 
ICR ; 
Change in quiescent Gate input change 
AVoa cure : : +15 
output voltage ~ from 5 VtoO V 
OPP ; 
Zj Input impedance f = 125 kHz 
Zo Output impedance f = 50 kHz 
CMRR 
n 
TH 


= 
a 


H+ 
NO 
oa 


= 
< 


Cc -mod 
rejection ratio 
Broadband equivalent BW = 5 Hz to 10 MHz, 
input noise voltage Rs = 502 
High-level gate 
V A = 16dB, A = OdB 
threshold voltage VS(A) VS(B) 


Low-level gate 


o1 


=A 
WwW 
WwW 


oO 
Nh 
4 
7S 


A =>16dB, A =< 0dB 
threshold voltage VS(B) VS(A) 


iH High-level gate current Vi = 5V 
____ Low-level gate current 
tp 


L 
Propagation delay time, 
H ; AV; = 20 mV, 50% to 50% 
low-to-high-level output 
Propagation delay time, 
ia oe ‘ AV; = 20mV, 50% to 50% 
high-to-low-level output 
Transition time, 
tTLH i AV; = 20 mV, 10% to 90% 
low-to-high-level output 


Transiti time, 
aro ee AV; = 20mV, — 10% to 90% 
high-to-low-level output 


lcc + Supply current from Voc + No load, No signal 
Icc-— Supply current from Vcc — No load, No signal 
Pp Power dissipation No load, No signal 70 150 


ES 


VT 
L 
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MC3470, MC3470A 
FLOPPY DISK READ-AMPLIFIER SYSTEMS 


D2759, NOVEMBER 1983—REVISED FEBRUARY 1988 


Combines All Read-Amplifier Active Circuitry N DUAL-IN-LINE PACKAGE 
into One Monolithic Circuit (TOP VIEW) 


Peak Shift . . . 2% Max (MC3470A) AMPLIFIER 181] Veco 
Designed to be Interchangeable with Motorola dairies: apr ah 
MC3470 OFFSET OUTPUTS 
DECOUPLING } DIFFERENTIATOR 
description a INGLES 
CX1 DIFFERENTIATOR 
The MC3470 and MC3470A are monolithic CX/RX1 COMPONENTS 
read-amplifier systems each containing all the CX2 Vcc 
active circuitry necessary for obtaining digital CX/RX2 DATA OUTPUT 


information from floppy disk storage. They are 
designed to accept the ac differential signal from 
the magnetic head and produce a digital output 
pulse corresponding to each peak of the input 
signal. The gain stage amplifies the input 
waveform and applies it to an external filter 
network, enabling the active differentiator and 
time domain filter to produce the desired output. 


The MC3470 and MC3470A are characterized 
for operation from O°C to 70°C. 


functional block diagram 


18 
Vcc2 ge) REGULATOR 


GAIN. . 
7 AMPLIFIER 
(1) 
3(16) 
AMPLIFIER y GE AMPLIFIER 
INPUTS (2) | (17) OUTPUTS 
(3) | : 
OFFSET | | ” 
DECOUPLING (4) | J ¢ 
Re: L-————|-- © 
Feng BE: Me ek anes on Sa ta scr cm sleek iets elise emetd cc sponse eecat eae ~ 
[ACTIVE DIFFERENTIATOR | | } © 
(14) | COMPARATOR | DIGITAL c 
DIFFERENTIATOR | | | | = 
INPUTS (15) | i & | LL. 
| conrararon t+ — Shee cae | = 
(12) r ae 
DIFFERENTIATOR ACTIVE by } j PULSE (10) pata © 
COMPONENTS (13); |DIFFERENTIATOR Saree | | GENERATOR OUTPUT ® 
| | | (Mono #2) | 2. 
| 1 
RP RA A AE ae hy Le CORE eee Meat SL a CORA CI MEE, aa NS Gk IRE SINE | SM f dp) 
ex/rx1 2) 
- exe (8) 
ex/rx2 —2 
PRODUCTION DATA documents contain information = Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to A, 
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MC3470, MC3470A 
FLOPPY DISK READ-AMPLIFIER SYSTEMS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Sry VOM UN TOG WUGER PF). cates 6c ieee =e 8,52 a NS Where ETL ee aaa ns wd es 7V 
Supply woltage: Mire 7.5 RSS ISMAS . oa eee ou ow bE RE OS Be se series 16 V 
ie ee Fe FOr HLEIES) ©. Sw. ead Sy cupe se nee sekeelt bite ae eis a -0.2Vto7V 
Cheer Sacre ey ee CE. Rs ee oe De Re ap ae -0.2Vto7V 
Cietatina een temmerntrafarige oo. soc i ee ke te dee as ee OPC: to vor. 
STR ert IRR EEO Sabie wk as cep ee Sai ws we we 9 we be ws aie —65°C to 150°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 


Supply voltage Vcc? 10 12 14 


Monostable no. 1 
Monostable no. 2 
Operating free-air temperature, Ta 


NOTE 2: To minimize current transients, CX1 should be kept as small as convenient. 


2) 
o 
® 
2. 
= 
“Ti 
c 
= 
9 
ct. 
° 
S 
” 


has TEXAS 4B 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


MC3470, MC3470A 
FLOPPY DISK READ-AMPLIFIER SYSTEMS 


electrical characteristics over recommended ranges of supply voltages and operating free-air temperature 
(unless otherwise noted) 


gain amplifier section 


PARAMETER TEST CONDITIONS MIN TYPT MAX 


Differential voltage} MC3470 80 100 120 
AvbD ae Vid = 5 mV rms, f = 200 kHz 

amplification MC3470A 100 110 130 
iB Input bias current 


Common-mode input 


UNIT 


= 
< 


> 


VICR THD < 5% 


voltage range 
y Differential input 
IDR voltage range 
Vy Peak-to-peak differential 
OPP output voltage 
Common-mode 
output voltage 
y Differential output Vv; = 0, Vip = O, 
oD offset voltage Ta = 25°C 


E 
< 


THD <= 5% +25 


= 
ae 
N 


Short-circuit output current Output shorted to ground By 
Os (each amplifier output) Output shorted to Vcc 
rj Small-signal input resistance Ta = 25°C kQ 
Small-signal output resistance Vec1 = 5V, Vec2 = 12 V, 
i 
° (single-ended) Ta = 25°C 
Vid = 2 mV rms, Vec1 = 5 V, 
dwidth (3 dB 
BW Bandwidth ( ) Veco = 12V, Ta = 25°C 
Vec1 = 5V, Vipp = 200 mV, 
-mod 
CMA Ayvp = 40 aB, f = 100 kHz, 


rejection ratio Ta = 25°C 


Veci1 = 5 + 0.25 V, 
Vec2 = 12 V 

Veci = 5V, 

Vec2 = 12 +2V 


Avp = 40 dB, 
Ta = 25°C 


Supply voltage 


rejection ratio 


Equivalent input BW = 10 Hz to 1 MHz, 
Ta = 25°C 


< 


Vn py 


noise voltage 


TAIl typical values are at Vcc = 5 V, Vcc2 = 12 V, Ta = 25°C. 
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MC3470, MC3470A 
FLOPPY DISK READ-AMPLIFIER SYSTEMS 


active-differentiator section 


PARAMETER 


Isink Sink current at pins 12 and 13 


TEST CONDITIONS MIN TYPT MAX UNIT 


Vop = Vcc1 


BR ee 
Vippp = 1V, f = 250 kHz, 
cap = 500 4A, See Figure te [sae aerate) 
ee a ee 
Hod toWferentisl output resistance” |---| 


Peak shift 


y High-level output Veci = 4.75 V, Vec2 = 12 V, y 
OH voltage (pin 10) lon = -0.4mA ' 
Vv Low-level output Veci = 4.75 V, Vec2 = 12 V, Vy 
Ol voltage (pin 10) lol = 8mA 
lcc1 Supply current from Vcc1 Vceci = 5.25 V 
lcc2 Supply current from Vcoc2 Vec2 = 14 V | mA | 
timing characteristics over recommended ranges of supply voltages and operating free-air temperature 
(unless otherwise noted) (see Figure 2) 

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
tr Rise time (pin 10) MAREE ABS Gre OR BS tes. Roe 
tt Fall time (pin 10) Pg a Ee 

Timing accuracy of 
RX1 = 1.5 kQ to 10 kQ, 
monostable no. 1 compared 85% 115% 
CX1 = 150 pF to 680 pF 
to 0.625 RX1 + CX1 + 200 ns 
Timi f 
OER : RX2 = 1.5 k@ to 10 kQ, rie oie 
monostabile no. compare 
4 CX2 = 100 pF to 800 pF 
to 0.625 RX2 +» CX2 


TAIl typical values are at Vcc1 = 5 V, Vec2 = 12 V, Ta = 25°C. 
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MC3470, MC3470A 
FLOPPY DISK READ-AMPLIFIER SYSTEMS 


PARAMETER MEASUREMENT INFORMATION 


5V 
12V 
(18) 
Vcc2 
0.1 uF 


GTrL 1k2 (12)] DIFFERENTIATOR 
perio  * COMPONENT 
512 


DIFFERENTIATOR 
INPUT 


f = 250 kHz TEST POINT 
Vp=1V 
(1) DATA | (10) 
AMPLIFIER + i hil 
INPUTS 15 pF 
(5) 
TEST CIRCUIT 
15V 


(ty — tg) 
Peak shift = ——————-._ 100% 
2 (tz + to) 


Special Functions os 


VOLTAGE WAVEFORMS 


FIGURE 1. PEAK SHIFT 
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MC3470, MC3470A 
FLOPPY DISK READ-AMPLIFIER SYSTEMS 


PARAMETER MEASUREMENT INFORMATION 


5V 
12V 
0.1 uw 
G SL | (12)] DIFFERENTIATOR 
10 kQ2 
512 


DIFFERENTIATOR 


INPUT MONO #1 


2.4k2 


TEST POINT 


DATA 


AMPLIFIER ie sat 


INPUTS 15 pF 


(5) 
TEST CIRCUIT 

~” 

Zo) 

@ 

Q, 

® 

“Ti 

¢ 

a 

2) 

= 2 

‘e) 

| OUTPUT OUTPUT 
~” (PIN 10) (PIN 10) 

t3 
Timing Accuracy (Mono 1) = X 100% 
1000 ns 200 ns 


VOLTAGE WAVEFORMS 
FIGURE 2. TIMING ACCURACY 
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MC3470, MC3470A 
FLOPPY DISK READ-AMPLIFIER SYSTEMS 


TYPICAL CHARACTERISTICS 


NORMALIZED POWER SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


= 25°C 


—=_— 
— 


2 9 


Supply Current Relative to Value at Ta 


0.97 
0.96 
0.95 } 
O10. Mi 30.40. 60.60 70 86 
Tp = Free-Air Temperature—°C 
FIGURE 3 


NORMALIZED TIME DELAY (PIN 12 TO PIN 10) 
vs 


NORMALIZED VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


25°C 


Ta—Free-Air Temperature— C 
FIGURE 4 


VOLTAGE AMPLIFICATION (NORMALIZED) 
and PHASE SHIFT 
vs 


Special Functions 


FREE-AIR TEMPERATURE FREQUENCY 
4.1 
oO Bi 
tea ky MEE 
N 
' 1.03 i : (Left Scale) 0° 
mG A SS IND 
- > 8 
pe ei SG ee ee + 2" 
2 - 3 \ \ 
3 en 8 = | Phase Shift ‘ ‘ 
2 s = 
= (Right Scale) be = 
hes eee aoe NIN ow? 
: Po epee aa \ E 
|: Saba Se h : 
o 8 \ ° 
< 0.98 = 60 
z eee Se eee 
‘tee eee See as : 80° 
@® ® 
E 0.96 — 2 
= Bs 
Sorry 4 = 
0 10 20 30 40 50 60 70 80 2 4 710 20 40 
Ta = Free-Air Temperature—C f—Frequency—MHz 
FIGURE 5 FIGURE 6 
U 
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MC3470, MC3470A 
FLOPPY DISK READ-AMPLIFIER SYSTEMS 


TYPICAL APPLICATION INFORMATION 


5V 


12V 


FILTER NETWORK 


GAIN 
ADJUST 


DIFFERENTIATOR 
COMPONENTS 


DATA OUTPUT 


FIGURE 7 
7p) 
xo) 
@ 
©, 
® 
ee 
om 
_ 
© 
a 
© 
a | 
i?) 
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SE555, SE5S55C, SA555, NE555. 
PRECISION TIMERS 


D1669, SEPTEMBER 1973—REVISED OCTOBER 1988 


Timing from Microseconds to Hours SE555, SE555C . . . JG PACKAGE 


. SA555, NE555... . D, JG, OR P PACKAGE 
Astable or Monostable Operation (TOP VIEW) 


Adjustable Duty Cycle 


TTL-Compatible Output Can Sink or 
Source Up to 200 mA 


® Functionally Interchangeable with the 
Signetics SE555, SE555C, SA555, NE555; 


Have Same Pinout SE555, SE555C . . . FK PACKAGE 
(TOP VIEW) 
SE555C FROM TI IS NOT RECOMMENDED < ee * 
FOR NEW DESIGNS Zio 53 
description ete Se . 
NCL 4 18L] NC 
These devices are monolithic timing circuits TRIGD 5 17Q] DISCH 
capable of producing accurate time delays or Nct)6 16[]}NC 
oscillation. In the time-delay or monostable mode out) 7 15[] THRES 
of operation, the timed interval is controlled by ncNs 14f7NC 
a single external resistor and capacitor network. 9 10111213 
In the astable mode of operation, the frequency 
and duty cycle may be independently controlled -H2 Ss 2 
with two external resistors and a single external = 


capacitor. 
NC —No internal connection 


The threshold and trigger levels are normally 
two-thirds and one-third, respectively, of VCC. functional block diagram 
These levels can be altered by use of the control 
voltage terminal. When the trigger input falls 
below the trigger level, the flip-flop is set and the 
output goes high. If the trigger input is above the 
trigger level and the threshold input is above the 
threshold level, the flip-flop is reset and the 
output is low. The reset input can override all THRESHOLD 
other inputs and can be used to initiate a new 
timing cycle. When the reset input goes low, the 
flip-flop is reset and the output goes low. 
Whenever the output is low, a low-impedance 
path is provided between the discharge terminal 
and ground. 


Vcc RESET 


TRIGGER 
The output circuit is capable of sinking or 
sourcing current up to 200 mA. Operation is 
specified for supplies of 5 to 15 V. With a 5-V 
supply, output levels are compatible with TTL 
inputs. 


The SE555 and SE555C are characterized for 
operation over the full military range of —55°C 
to 125°C. The SA555 is characterized for 
operation from —40°C to 85°C, and the NE555 
is characterized for operation from O°C to 70°C. 
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DISCHARGE 
GND 


Reset can override Trigger, which can override Threshold. 
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DISSIPATION RATING TABLE 
Ta s 25°C wa sertaleice T 70°C T 85°C , 125°C 
PACKAGE tm FACTOR A A A 
POWER RATING POWER RATING POWER RATING POWER RATING 
ABOVE Ta = 25°C 
D 725 mW 5.8 mW/°C 
FK 1375 mW 11.0 mW/°C 
JG (SE555, SE555C) 1050 mW 8.4 mW/°C 
JG (SA555, NE555) 825 mW 6.6 mW/°C 
1000 mW 8.0 mW/°C 
recommended operating conditions 
Input voltage (control, reset, threshold, and trigger) 
Operating free-air temperature, Ta | -55 125 | -55 125 | — 40 
T vip 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


AVAILABLE OPTIONS FUNCTION TABLE 


Ta | Vthres MAX CERAMIC | PLASTIC 
RANGE| Vcc = 15 V | OUTLINE| CARRIER 
(D) 
0°C 
Ss 
70°C 


TRIGGER | THRESHOLD DISCHARGE 
OUTPUT 

RESET) VoLTAGEt| VOLTAGET joureut SWITCH 

irelevant | Irrelevant | low | On 


Tish |< 1/3 Vpp| Irrelevant | High | off 
Trish [> 1/3 Vop] > 2/3 Vop | tow | On 


As previously 
High | > 1/3 V < 2/3 V 
—40° 
sis T Voltage levels shown are nominal. 
to Ti.2 ¥ SA555D SA555JG 
85°C 
-—§ ° 
a *: 10.6 V SE555FK | SE555JG 
‘ 11.2V SE555CFK| SES55CJG 
125°C 


The D package is available taped and reeled. Add the suffix R to the device 
type (e.g., NE555DR). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sete IY  werem meter. Wie Lesciee 100i ETS s,s bo 5 a's < $5.8cehin phe epeaa  eaceenca Aa gente sa ath aval mee cae 18 V 
Input voltage (control, reset, threshold, and trigger) ......... 2... cee ee ee ee es Voc 
EE UIT G eer aeridh See o 8 6 noe: een 0 ows 0 ob ee ead Ol Win ak eal aco: Eel A ea on +225 mA 
COMeinupue TOLaLMemeeTION. . i oss lek sas 25s oe ae ala eb see Dissipation Rating Table 
Operating free-air temperature range: SE555, SE555C....... 2... 2... eee eee. —990°0 to. 125°C 

SPN asic ee aca gs Weeks, Ad a eee EN ary ee —- 40°C to 85°C 

NESSS:... SOUR YS 2G RS ROE ee ea OPC “to 70°C 
Storage temperaturemangsé> swold lanaiadish... . . WO Pe es Sa) aa. ~65°C to 150°C 
Case temperature for 60 seconds: FK package ............ 0c cee eee eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ........ YA o} Old @ 


NOTE 1: All voltage values are with respect to network ground terminal. 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


electrical characteristics at 25 °C free-air temperature, Vcc = 5 V to 15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX}; MIN TYP MAX 


V 15 V : 7 
Threshold voltage level cc 1 8.8 if.. 14.2 
2.4 3.3 4.2 


Vcc = 5V 


Threshold current 30 
(see Note 2) 
4 


NO] oO 
eS 
Ww 
Ww 
IO 


ho 
ol 
o 


pb 
fe) 


fh 
oO 

=| 
CO} NM 


1.6 


Trigger at OV 
femscegrne fe est eae 


Reset at VCC 
=0 
Discharge switch 
eee 
Control voltage 


Low-level output voltage 


6) 
V 15V 
Trigger voltage level cC : 
Veo = 6 V 1. 7 
> ie 


: 


ont 


N 

o}ny 
he 
N 


No 


High-level output voltage 


V 
nA 
V 
pA 
V 
V 
V 
V 

A 


Output low, 
Supply current pie, long m 
Output high, 
NOTE 2: This parameter influences the maximum value of the timing resistors Ra and Rp in the circuit of Figure 12. For example, when 
Vcc = 5 V, the maximum value is R = Ra + Rg = 3.4 MQ, and for Vcc = 15 V, the maximum value is 10 MQ. 


operating characteristics, Vcc = 5 V and 15 V 


PARAMETER 
Initial error of Each timer, monostable § 
: Ta = 25°C 
timing interval? Each timer, astable 1 
Temperature coefficient Each timer, monostable § Ta = MIN 
of timing interval Each timer, astable 1 to MAX 


Ss ly voltage sensitivit Each timer, monostable & 
upply g y T. 25°C 
of timing interval Each timer, astable! 


Output pulse rise time Ci = 15 pF, 100 
Ta = 25°C 


TEST 


CONDITIONST wesc 


MIN TYP MAX | MIN TYP MAX 


Ww 


” 
o 
var) 

Oo 

= 

a 
LL. 
i 

O 

® 

o. 
\¢ 2) 


ppm/ °C 


%IV 


— 
— 


200 100 300 
Output pulse fall time 100 200 100 300 


TtFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+Timing interval error is defined as the difference between the measured value and the average value of a random sample from each process 
run. 

8Values specified are for a device in a monostable circuit similar to Figure 9, with component values as follow: Ra = 2 k® to 100 kQ, 
C = 0.1 pF. 

{Values specified are for a device in an astable circuit similar to Figure 12, with component values as follow: Ra = 1kQ to 100 kQ, C = 0.1 pF. 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL CHARACTERISTICST 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


Vec = 10 V Suse: Saree 
a 


7 (Vcc = 5V Ses somes 7 


weet 
mae 
Bee 
i 
a 
ae 


2 ate 
4 

1 HTT 
0.7 ccm s tgf fee 
a vi aK a 
0.4 aein_/ —H CTT 
By Pisa ae ee > Py a eS 

0.2 Va tat Ass 


\ 


VoL_—Low-Level Output Voltage—V 
Vo_—Low-Level Output Voltage—V 


a — 
0.07 
“ah meses 
0.04 
0.02 
0.01 
1 2 4 746 20 40 70100 1 2 a 7 10 20 40 70100 
loL—Low-Level Output Current—mA lo_—Low-Level Output Current—mA 
FIGURE 1 FIGURE 2 
LOW-LEVEL OUTPUT VOLTAGE DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT 
vs vs 
LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


Voo-“41 


. ye ea 
SUS 0s AE 
SCS 5 Saas 


ae > Lig itd er 
® & a 1.6 
» 3s S144 
—_- Qa 
~ r 
4 Oe Se eS D> 1.2 
ee = Bote at TS REN = 
pe | © i) 1.0 ——T 1 | | | 
Ee pee asene age ey THT 
S io PANT Ls 
oa eee coe | Polk tele | lei 
: ees re) 
7 Ot Rondo EME cope P AMtth 
> 0.02 0.2 
veo=sviotsy) | | | Iii 
@) 
1 2 4 T oo 20 40 70100 1 2 4 7 10 20 40 70100 
lo_L—Low-Level Output Current—mA IoH—High-Level Output Current—mA 
FIGURE 3 FIGURE 4 


tData for temperatures below O°C and above 70°C are applicable for SE555 circuits only. 


4-40 EXAS 4 
INSTRUMENTS 


POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265 


SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL CHARACTERISTICS? 


NORMALIZED OUTPUT PULSE DURATION 


SUPPLY CURRENT (MONOSTABLE OPERATION) 
vs vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Output low, 
No load 


icc—Supply Current—mA 


Pulse Duration Relative to Value at Vcc = 10 V 


5 6 7 8 9 10 11 12 13 14 15 becauer 5 10 15 20 
Vcc—Supply Voltage—V Vcc—Supply Voltage —V 
FIGURE 5 FIGURE 6 
NORMALIZED OUTPUT PULSE DURATION PROPAGATION DELAY TIME 
(MONOSTABLE OPERATION) vs 
vs LOWEST VOLTAGE LEVEL 
FREE-AIR TEMPERATURE OF TRIGGER PULSE 


=" 
o 
_ 
oa 


1.010 


aes  } 
o o 
o © 
o ol 


° 
to 
To) 
oa 
tpp — Propagation Delay Time—ns 


Pulse Duration Relative to Value at Ta = 25°C 


Special Functions ig 


ed SL. 
0.985 o| 
-75 -50 -25 O 75 100 125 0.1xVcc 0.2xVcc 0.3xVcc 0.4xVcc 
Ta—Free-Air (uae. °C Lowest Voltage Level of Trigger Pulse 
FIGURE 7 FIGURE 8 


TData for temperatures below 0°C and above 70°C are applicable for SE555 circuits only. 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


monostable operation 


Vcc 
(5 V to 15 V) 


INPUT VOLTAGE 


Siw: weed 
LP Seppe if cls | 
BRS: SBikisieds 


Ra 


Voltage—2 V/div 


OUTPUT VOLTAGE 


Pie 
7 iy Bo eS sees Se 
eV i ee ie 
GRAS Gis ces 


= Time—0.1 ms/div 


INPUT 


S 
Eee 
> 


FIGURE 9. CIRCUIT FOR MONOSTABLE OPERATION FIGURE 10. TYPICAL MONOSTABLE WAVEFORMS 


For monostable operation, any of these timers may be connected as shown in Figure 9. If the output is 
low, application of a negative-going pulse to the trigger input sets the flip-flop (Q goes low), drives the 
output high, and turns off Q1. Capacitor C is then charged through Ra until the voltage across the capacitor 
reaches the threshold voltage of the threshold input. If the trigger input has returned to a high level, the 
output of the threshold comparator will reset the flip-flop (Q goes high), drive the output low, and discharge 
C through Q1. 


Monostable operation is initiated when the 
trigger input voltage falls below the trigger 
threshold. Once initiated, the sequence ends 
only if the trigger input is high at the end of the 
timing interval. Because of the threshold level 
and saturation voltage of Q1, the output pulse 
duration is approximately tw = 1.1 RAC. 
Figure 11 is a plot of the time constant for 
various values of Ra and C. The threshold levels 
and charge rates are both directly proportional 
to the supply voltage, Vcc. The timing interval 
is therefore independent of the supply voltage, 
so long as the supply voltage is constant during 
the time interval. 


”n 
x?) 
@ 
Q, 
2. 
“Tl 
Cc 
am | 
© 
pad 
© 
_ 
id») 


ty—Output Pulse Duration—s 


Applying a negative-going trigger pulse 
simultaneously to the reset and trigger terminals 
during the timing interval discharges C and re- 


initiates the cycle, commencing on the positive C—Capacitance—yF 
edge of the reset pulse. The output is held low 

: FIGURE 11. OUTPUT PULSE 
as long as the reset pulse is low. To prevent false DURATION vs CAPACITANCE 


triggering, when the reset input is not used, it 


should be connected to Vcc. 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


astable operation 


Vcc 
(5 V to 15 V) 


2 
2 
Ri > 
vy 
OUTPUT Ei 
$ 
tek OUTPUT VOLTAGE 
ff v, v, v, 
AVA AVA 
NOTE A: Decoupling the control voltage input to ground with a NEA CAPACITOR VOLTAGE 
capacitor may improve operation. This should be ae rs 
evaluated for individual applications. Time—0.5 ms/div 
FIGURE 12. CIRCUIT FOR ASTABLE OPERATION FIGURE 13. TYPICAL ASTABLE WAVEFORMS 


As shown in Figure 12, adding a second resistor, Rp, to the circuit of Figure 9 and connecting the trigger 
input to the threshold input causes the timer to self-trigger and run as a multivibrator. The capacitor C 
will charge through Rag and Rp and then discharge through Rg only. The duty cycle may be controlled, 
therefore, by the values of Ra and Rp. 


This astable connection results in capacitor C charging and discharging between the threshold-voltage 
level (~0.67*VcCc) and the trigger-voltage level (~0.33*V¢Cc). As in the monostable circuit, charge and 
discharge times (and therefore the frequency and duty cycle) are independent of the supply voltage. 


Figure 13 shows typical waveforms generated during astable operation. The output high-level duration 


tH and low-level duration t_ may be calculated as follows: a 
2 
tH = 0.693 (Ra + Rp) C 5 
tL = 0.693 (Rg) C = 
2 
Other useful relationships are shown below. z a 
e ic 
period = ty + tL = 0.693 (Ra + 2Rp) C 3 (a) 
g ® 
frequency = Pais. Saat u. o. 
$ ‘f (RA + 2Rp) C 2 ” 
te 
tL RB s 
Output driver duty cycle = +744 = Ra + 2Rp F 
utput waveform duty cycle “Heh - Ra + 2Rp re 
tL RB 
Low-to-high ratio = tH = Ra + Rp 
C—Capacitance—yF 
FIGURE 14. FREE-RUNNING FREQUENCY 
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SE555, SE555C, SA555, NE5S55 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 
missing-pulse detector 


Vec = 5V 


Vec (5 V to 15 V) 


See Figure 15 Stick oo aia 
Ua TT 
eo. ik 
ot leh: Sa — | 
BERZ2S Eh Se 

bie fe ae ee es ee! 

OUTPUT VOLTAGE eB: 

VAVA'VA\VAVARVA VAY 

aaa avadar 

 [eapaeyronweerace || 
Time—0.1 ms/div 

FIGURE 15. CIRCUIT FOR FIGURE 16. MISSING-PULSE 
MISSING-PULSE DETECTOR DETECTOR WAVEFORMS 


The circuit shown in Figure 15 may be used to detect a missing pulse or abnormally long spacing between 
consecutive pulses in a train of pulses. The timing interval of the monostable circuit is continuously 
retriggered by the input pulse train as long as the pulse spacing is less than the timing interval. A longer 
pulse spacing, missing pulse, or terminated pulse train permits the timing interval to be completed, thereby 
generating an output pulse as illustrated in Figure 16. 


igi Vidiv 


frequency divider 


By adjusting the length of the timing cycle, the basic circuit of Figure 9 can be made to operate as a frequency 
divider. Figure 17 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot occur 
during the timing cycle. 


See Figure 9 


suonouny jeiseds = 


—2 Vidiv 


eae) bee lteems | cals ta an Me BE 
JZ ee eee 

fae Oe 2, |e Fee | aS! cc aad 
ae OUTPUT VOLTAGE ee 
Bene, 8 OS eae Se ES ed 
Te ee | 
| [| jearacitorvoutace| | | | 


olt 


Vv 


Time—0.1 ms/div 


FIGURE 17. DIVIDE-BY-THREE CIRCUIT WAVEFORMS 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


El Arete 2] le | Roe 
SEBS SRR Se. 
eke S223 — Figure 18 
32 cise 'vo Seer ree os es ae 


MODULATION INPUT VOLTAGE 


pulse-width modulation 


Vcc (5 V to 15 V) 


RESET 


Vcc 


CLOeK.__dvainden en te pada > coon 
— s UOUUOUU EERO TUTE OTEEOEUE 
t bi ‘CLOCK INPUT VOLTAGE ee 
MODULATION : 
INPUT : 


(See Note B) 


NOTE B: The modulating signal may be direct or capacitively 
coupled to the control terminal. For direct coupling, the 
effects of modulation source voltage and impedance on 


AA 
CLA A 


[| caractron votrace | | 


the bias of the timer should be considered. Time—05 ms/div 
FIGURE 18. CIRCUIT FOR PULSE-WIDTH FIGURE 19. PULSE-WIDTH MODULATION 
MODULATION WAVEFORMS 


The operation of the timer may be modified by modulating the internal threshold and trigger voltages, which 
is accomplished by applying an external voltage (or current) to the control pin. Figure 18 shows a circuit 
for pulse-width modulation. A continuous input pulse train triggers the monostable circuit, and a control 
signal modulates the threshold voltage. Figure 19 illustrates the resulting output pulse-width modulation. 
While a sine-wave modulation signal is illustrated, any wave shape could be used. 


Special Functions Se 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


pulse-position modulation 


Vec (5 V to 15 V) 


RESET 


Vcc 


OUTPUT OUTPUT 


TRIGGER MODULATION INPUT VOLTAGE 


Un HH 


DISCHARGE 


MODULATION 
INPUT 
(See Note B) 


We SLL | 
| all 
WU 
OurPUT VOLTAGE 


; Ay aim VV a 
NOTE B: The modulating signal may be direct or capacitively AV ed" 


coupled to the control terminal. For direct coupling, the tg ek CAPACITOR VOLTAGE ca tie 
effects of modulation source voltage and impedance on 


CONTROL THRES- 
HOLD 


Voltage—2 V/div 


the bias of the timer should be considered. Time—0.1 ms/div 
FIGURE 20. CIRCUIT FOR PULSE-POSITION FIGURE 21. PULSE POSITION-MODULATION 
MODULATION WAVEFORMS 


As shown in Figure 20, any of these timers may be used as a pulse-position modulator. This application 
modulates the threshold voltage, and thereby the time delay, of a free-running oscillator. Figure 21 illustrates 


4 a triangular-wave modulation signal for such a circuit; however, any wave shape could be used. 


suoiouny jeiseds 


RAS aE ek SES EI A STMT Sa ale DG PN STINE STARE SR RAR 8 RS EE I FY EE ST? NESS SOI Ls 2S ES CO ASRS IE RS EER ME 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


sequential timer 


Vcc 


(5) 
CONTROL tunes CONTROL types. CONTROL = tures. 


HOLD HOLD HOLD 
GND GND 


Ca = 10 uF Cc = 14.7 uF 
Ra = 100 kQ > Rc = 100 kx2 
OUTPUTA Cp = 4.7 uF OUTPUT B OUTPUT C 
Rp = 100 kQ 
S closes momentarily at t = 0. 


FIGURE 22. SEQUENTIAL TIMER CIRCUIT 


Many applications, such as computers, require signals for initializing conditions during start-up. Other 
applications, such as test equipment, require activation of test signals in sequence. These timing circuits 
may be connected to provide such sequential control. The timers may be used in various combinations 
of astable or monostable circuit connections, with or without modulation, for extremely flexible waveform 
control. Figure 22 illustrates a sequencer circuit with possible applications in many systems, and Figure 23 
shows the output waveforms. 


sc Bea ee 


” 
SS 
a 
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be 
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Voltage—5 V/div 


t—Time—1 s/div 
FIGURE 23. SEQUENTIAL TIMER WAVEFORMS 
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SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 


D2440, APRIL 1978—REVISED OCTOBER 1988 


Two Precision Timing Circuits per Package SE556, SES56C ... . J PACKAGE 


SA556, NE556 .. . D, J, OR N PACKAGE 
Astable or Monstable Operation (TOP VIEW) 
TTL-Compatible Output Can Sink or Source Up DISCH[]1 141) Vcc 


to 150 mA THRES[ }2 131 | DISCH 


Active Pull-Up or Pull-Down TIMER 3 CONT[]3  12[ ]THRES 
#1 RESET] }4 111 | CONT TIMER 
@ Designed to be Interchangeable with Signetics OUTT1s 101 JRESET #2 
SE556, SE556C, SA556, NE556 TRIG( 16 9f ]ouT 
GND []}7 81] TRIG 
APPLICATIONS 

Precision Timer from Sequential Timer SE556, SES56C .. . FK PACKAGE 

Microseconds to Hours Pulse Generator (TOP VIEW) 
Pulse-Shaping Circuit Time-Delay Circuit 
Missing-Pulse Detector Frequency Divider a 5 - 
Tone-Burst Generator Appliance Timer FD Y 
Pulse-Width Modulator Industrial Controls ii 4 O ON 
Pulse-Position Modulator |Touch-Tone Encoder 

3° 2; 1 


SE556C FROM TI IS NOT #1 CONTI)4 


18L] #2 THRES 
RECOMMENDED FOR NEW DESIGNS NCN)s 


17L] NC 


#1 RESET [6 16L] #2 CONT 
description NCf7 15L] NC 
#1 OUTf\8 14,] #2 RESET 


These devices provide two monolithic, LN GLE aL 
independent timing circuits of the SE555, OQQA0VMOE 
SE555C, SA555, or NE555 type in each zE-k&sS 
package. These circuits can be operated in the - NN 
astable or the monostable mode with external o — 
resistor-capacitor timing control. The basic NC—No internal correction 
timing provided by the RC time constant may be 
actively controlled by modulating the bias of the functional block diagram (each timer) 
control voltage input. 

Vec RESET 


The threshold and trigger levels are normally 
two-thirds and one-third respectively of VCC. 
These levels can be altered by use of the control 
voltage terminal. When the trigger input falls 

below trigger level,, the flip-flop is set and the - 
output goes high. If the trigger input is above the gabheincs 
trigger level and the threshold input is above the 
threshold level, the flip-flop is reset and the 
output is low. The reset input can override all 
other inputs and can be used to initiate a new 
timing cycle. When the reset input goes low, the 
flip-flop is reset and the output goes low. 
Whenever the output is low, a low impedance 
path is provided between the discharge terminal 


“” 
c 
2 
od 
© 
S 
pa 
LL. 
& 
Oo 
® 
. 
7p) 


and ground. DISCHARGE 
GND 
Reset can override Trigger, which can override Threshold. 
PRODUCTION DATA documents contain information ~ Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to Y} 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 4-49 
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SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 


f 


The SE556 and SE556C are characterized for operation over the full military range of —55°C to 125°C. 
The SA556 is characterized for operation from —40°C to 85°C, and the NE556 is characterized for 
operation from O°C to 70°C. 


AVAILABLE OPTIONS FUNCTION TABLE 


TRIGGER | THRESHOLD DISCHARGE 
RESET OUTPUT 
Reset VOLTAGEt} VOLTAGEt joureut SWITCH 
Irrelevant | Irrelevant 


= n0n 
High [< 1/3 Vpp| relevant | High [off 
"High [> 1/3 Vpp| > 2/3 Vpp | tow [On 


As previously ; 
| High | RENAEDO| © 2/ertee established 


TVoltage levels shown are nominal. 


The D package is available taped and reeled. Add the suffix R to the device 
type (e.g., NE556DR). 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


een per A 1 PING Bigs ac ya Mae Tan a es ok ORS Se ROWE Bes ho 18 V 
input voltage (control_reset, threshold, and trigger) \...5.. sss oe sss + sn sis Bw bee e sme = ble ws Vcc 
CUB CUNGI ere e cn ck ks os ony s eR elses be eeu k EI eee +225 mA 
CINE SSNS onc sok oo iawn © RE bleak ce ee see Dissipation Rating Table 
Operating free-air temperature range: SE556, SE556C..................... =55°C to 125 °C 
SENN ieee a eet wed > Oe ee ee —40°C to 85°C 
BEGSO: .. 5 sade 9 ~pan’ ¥ he 8 ae OFC 10 70°C 
SIOCRID SOIR TUO FANOG- | 002i kos clk eas» o's as 5 hehe dk Reis bile a eal aoe ee —65°C to 150°C 
~ Case. temperature, for 60. seconds: FR packaae | 6 aie ocececs scm ob wntasser as ae! Ae monies een Ape 260°C 
A?) Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 
ie NOTE 1: All voltage values are with respect to network ground terminal. 
“Tl 
a DISSIPATION RATING TABLE 
a 
DERATING 
24 PACKAGE Ta = 25°C FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
oe POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 
~ D 950 mW 7.6 mW/°C ' 608 mW 
FK 1375 mW 11.0 mw/°C 880 mW 
J (SE556, SE556C) 1375 mW 11.0 mW/°C 880 mW 
J (SA556, NE556) 1025 mw 8.2 mW/°C 656 mW 
N 1575 mW 12.6 mW/°C 1008 mW 
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SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 


recommended operating conditions 


Input voltage (control, reset, threshold, and trigger) 


Output current [#200 #200] -#200| #200] mA 
Operating free-air temperature, Ta | -55 125] -55 125 | —40 85 


SE556C, SA556, 
PARAMETER NE556 UNIT 


MIN TYP MAX| MIN TYP MAX 


TEST CONDITIONS 


Veo = 18V 
Threshold voltage level Sa 
Vec = 8V ee 
Threshold current 
(see Note 2) 
| Veo = 18 V age eats ae 
Trigger voltage level 
Vec = 5 V 145 UA aes 
Trigger at 0 V ~ Be 
eer yar te nC a Oe ae Oe Oe ee ae 
Reset at Voc fees Ta Okie eM fic oon Dae aed 
Reset current 
ee 
Discharge switch 
off-state current 
Control voltage Voc = a Vv 9.6 et er ae ee 
(open circuit) eee ee 
iol = 10 mA es. eae Ce 
io. = 50 mA [ae 0.4 0.75 | 
Vec = 15 V ao o 
gem. | er 
Low-level output voltage V 
tome ee ee ee ae 
ion = 5 mA RE SESS ERR 
You\= 2 
tek (os age ees 88 = 
ig = 100mA | 18,083) [12.75 tae) —f 2 
Vec = 15 V o- pi 
High-level output voltage loH = -200 mA CS EA wand V 7) 
Gs 100m | 3 ps) are ee = 
anes Voc = 16 V sake 71 NE SE = 
i. 
Pp ee No load ‘ae, “Ee Re Sea) SS 8 Ha 
u = 
ae Output high, vor = et pe) Be ae oe ee © 
No load Oc Ee ae Rea a ae BS ‘S 
o 
NOTE 2: This parameter influences the maximum value of the timing resistors Ra and Rp in the circuit of Figure 1. For example, when fan 
Vcc = 5 V, the maximum value is R = Ra + Rg = 3.4 MQ, and for Vcc = 15 V, the maximum value is = 10 MQ. id 2) 
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SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 


operating characteristics, Vcc = 5 V and 15 V 


ier SE556C, SA556, 
PARAMETER NE556 UNIT 
CONDITIONSt 
MIN TYP MAX | MIN TYP MAX 


Initial error of 
Each timer, astable 1 Ta = 25°C 2.25 
ppm/°C 


timing interval* 
9 Timer 1 — Timer 2 
Each timer, monostable § 
. Ta = MIN 


i SEE" ess #1 

Each timer, astable! ee ees eee 
- to MAX 

Timer 1 — Timer 2 cae et ee 


Each timer, monostable § 
Each timer, astable{ Ta = 25°C 0.15 %/V 
Timer 1 — Timer 2 =0.2 


Output pulse rise time Ci = 15 pF, 100 200 100 300 
Output pulse fall time Ta = 25°C 100 200 100 300 
tTiming interval error is defined as the difference between the measured value and the average value of a random sample from each process 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
run. 


8 Values specified are for a device in a monostable circuit similar to Figure 2, with component values as follow: Ra = 2 kQ to 100 kQ, . 
C = 0.1 pF. 
{Values specified are for a device in an astable circuit similar to Figure 1, with component values as follow: Ra = 1 kQ2 to 100 kQ, C = 0.1 pF. 


Temperature coefficient of 


timing interval 


Supply voltage sensitivity 


+0.5 
+10 
of timing interval - 


TYPICAL APPLICATION DATA 


Vcc Vcc 
(5 V to 15 V) (5 V to 15 V) 


Ri 


OUTPUT OUTPUT 


FIGURE 1. CIRCUIT FOR ASTABLE OPERATION FIGURE 2. CIRCUIT FOR MONOSTABLE OPERATION 


NOTE A: Bypassing the control voltage input to ground with 
a Capacitor may improve operation. This should 
be evaluated for individual applications. 
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SE592, NE592, NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


D2667, FEBRUARY 1984—REVISED FEBRUARY 1988 


90-MHz Bandwidth NE592, NE592A...D OR N PACKAGE 
SE592... J PACKAGE 
Adjustable Gain to 400 (TOP VIEW) 


No Frequency Compensation Required 
Adjustable Passband 


Designed to be Interchangeable with 
Signetics SE592 and NE592 


DEVICE TEMPERATURE Avp RANGE 
TYPE RANGE (GAIN OPTION 1) 
SE592 —55°C to 125°C 300—500 


NE592 0°C to 70°C 250 —600 
NE592A 0°C to 70°C 400—600 


NC—No internal connection 


description 
These devices are monolithic two-stage amplifiers with differential inputs and differential outputs. 


Internal series-shunt feedback provides wide bandwidth, low phase distortion, and excellent gain stability. 
Emitter-follower outputs enable the devices to drive capacitive loads, and all stages are current-source biased 
to obtain high common-mode and supply-voltage rejection ratios. 


Fixed differential amplification of 100 or 400 may be selected without external components; or amplification 
may be adjusted from 0 to 400 by the use of a single external resistor connected between the gain-adjustment 
pins 1A and 1B. External frequency-compensating components are not required for any gain option. 


The devices are particularly useful in magnetic-tape or disc-file systems using phase or NRZ encoding and in 
high-speed thin-film or plated-wire memories. Other applications include general purpose video and pulse 
amplifiers where wide bandwidth, low phase shift, and excellent gain stability are required. 


The SE592 is characterized for operation over the full military temperature range of —55°C to 125°C. The 
NE592 and NE592A are characterized for operation from 0°C to 70°C. 


Special Functions ~ 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard ghd Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 
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SE592, NES92, NES92A 
DIFFERENTIAL VIDEO AMPLIFIERS 


schematic symbol 
Vcc+ 
a Gain J 14 
ADJUST ) 1p 
cain J 24 
ADJUST } 2B 


1 
GAIN 
ADJUST 2 


All resistor values shown are in ohms and nominal. 
In NE592 or SE592, Ri = 500 0, R2 = 5002. 
In NE592A, R1 = 600 0, R2 = 6002. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


oie VM a Ag ae TT pa) (2 8 Raa eg AO ney OPP Re a A Le SRE pat” Tees Teagan) 2S Reg aE 
RH Vener ee te CEP TMCNO Darcy. ity: beg 3 CEL Seek he de BES Ee ES 
DANSrenialinout VONedes . suing oi). edi I. ali euG (Oli ao0 79), BARS RIaio A BRS «Fi 
Vommon-mode input voltage ...0 20% Of O00, mo eee 119 Ge sb iets AS bem aie Shes 


Me AtIE RMMIITE: Sh, ei ne ed agg oN glaoy Siw Ale tom RRC Eee SRA eed aw Se AD OER Sa ge te ener aes 10 mA 
GominuGus teal DOWSrCISGIDANOM 665 ie ccc se cae eles ee eee ewe See Dissipation Rating Table 
Operating free-air temperature range: SE592 .. 1... ee ee ee ee es —55°C to 125°C 

ey SEES fai os hs ia ee oo aie wate OL oN 0°C to 70°C 
SPE es ene oa ne ear en eee eer A SHRP an en kat —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..............-- 300°C 


NOTE 1: All voltage values except differential input voltages are with respect to the midpoint between Voc+ and Voc-. 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING DERATE Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING 


PACKAGE 


D 500 mW N/A N/A 500 mW 
J 500 mW 11 mW/C 105°C 500 mW 275 mW 
N 500 mW N/A N/A 500 mW 
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IN+ OUT+ 


OUT+ IN-— OuUT-— 


SE592, NE592, NE592A 


DIFFERENTIAL VIDEO AMPLIFIERS 


recommended operating conditions 


Supply voltage, Voc+ 
Supply voltage, Voc— 
Operating free-air temperature, Ta 


electrical characteristics at 25°C operating free-air temperature, VCC + = 6 V, VCC-— = -6V 
(unless otherwise noted) 


PARAMETER heeds TEST CONDITIONS peti pa eee UNIT 
FIGURE OPTIONt | MIN TYP MAX | 
signal aferenta 
hae Large-signa differentia ; iene wd. RL = 2k0 ee 2 “ip 
voltage amplification ee 100 a 


input offset curren oN RESNSUOOONENE CTR MIS 
i Input bias current {Soe dala Ny Oe ARBRE ER Co's 


range 
Common-mode output 
voltage 


Yoo __ Output offset voltage 


ey) 
a 
oO 
“I 


Vopp Maximum peak-to-peak 
output voltage swing 


rj Input resistance 


~ 


oO Aa 
o 

ie) 

o 
on 


Common-mode Vic = +1 — 100 kHz 6 
rejection ratio Vic = +1 = 5 MHz 


Supply-voltage rejection 
KSVR ratio (AV¢C/AVio) 


Vv Broadband equivalent noise 
. voltage 
tod Propagation delay time 


AVCC+ = =) 5V, 
AVoc- = +0.5V 


W = 1 kHz to 10 MHz 1,2,or3 
AVo =1V 


on 
oO 
~s 
Oo 


Pe 
a 


te?) 
ner’ 
oO 


10.5 
| lsink(max) Maximum output sink current ———_—_——— 1,2,0¢3 mA 
Icc Supply current No load, No signal 1,2,or3 18 24 mA 


TThe gain option is selected as follows: 
Gain Option 1 .. Gain Adjust pin 1A is connected to pin 1B, pins 2A and 2B are open. 
Gain Option 2. . Gain Adjust pin 2A is connected to pin 2B, pins 1A and 1B are open. 
Gain Option 3. . All Gain Adjust pins are open. 
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SE592 
DIFFERENTIAL VIDEO AMPLIFIER 


electrical characteristics over recommended operating free-air temperature range, VCC + = 6 V, 
Vcoc— = —6V (unless otherwise noted) 


PARAMETER shi TEST CONDITIONS sme es. ae UNIT 
FIGURE OPTIONt | MIN TYP MAX 
Large-signal differential 
AvD 
lip Input bias current 
Voo Output offset voltage “dig RL = 


V =3V 
voltage amplification see Orr |=5 
S peeumer le. 
VICR Common-mode input 
voltage range 
Maximum output 
VopP voltage peak-to-peak 1 RL = 2k 


swing 


rj Input resistance 


Supply voltage rejection 
ratio (AVoC/AViC) 


¥ Maximum output sink 
sink(max) current 


loc Supply current 1 No load, No signal 


tThe gain option is selected as follows: 
Gain Option 1 . . Gain Adjust pin 1A is connected to pin 1B; pins 2A and 2B are open. 
Gain Option 2. . Gain Adjust pin 2A is connected to pin 2B; pins 1A and 1B are open. 
Gain Option 3. . All Gain Adjust pins are open. 


AVoc+ = £0.5V, 


k 
ibd AVoc~ = £0.5V 


Y 
= 
© 
zs 
= 
nN 
c 
= 
° 
S. 
ce) 
| 
” 
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electrical characteristics at 25°C operating free-air temperature, VCC + = 6V, VCC-— = —6 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS UNIT 
FIGURE OPTIONT MIN MAX 
‘ Large signal differential ? ay tee hes Rae RS = 600 Wa 
se voltage amplification ae ail Sar copy 120 100 120 
: 1 Por ar ae ea oe 
BW _ Bandwidth (~3 dB) Pe iwi Sie eee 
Ker Ma Gai Me RE SRG 
input offset current - Wie =0 ieee MA ei ek ae 
is Input bias curren [Wie =0 (es; 8 ey ee 
Sci Geeoreee ttre | 5 ee tey ea ee 
wii CMR is C= -AS- LA 
7 ass RM a 
Output offset voltage Vip = 0, Ry = Cae V 
3 
Maximum peak-to-peak output gs 
Vv RL = 2k 1,2,0r3 
OPP voltage swing ak ‘ if meer ge eres 
ee eee ee 
Re ee bode none staan ee 
NE SSE A A 
ee ee a ee ee xa as_ sas ss 
k Supply-voltage rejection AVcoc+ = +0.5 5 
SVR ratio (AVcc/AVio) AVoc— = +0.5V 
Va Broadband equivalent noise volage | 4 |BW=1KHzto 10WAz | 4,20r3 pe ee 
75 
inka _Maimam output sink cure aes mG a ee me ee ee 
icc Supply current [Reta Nosignal _[1.20rs |e _m| 1924] ma | 


tThe gain option is selected as follows: 
Gain Option 1 . . Gain Adjust pin 1A is connected to pin 1B, pins 2A and 2B are open. 
Gain Option 2 . . Gain Adjust pin 2A is connected to pin 2B, pins 1A and 1B are open. 
Gain Option 3. . All Gain Adjust pins are open. 
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electrical characteristics over recommended operating free-air temperature range, VCC + = 6V,VCC-— = -6V 


(unless otherwise noted) 


TEST GAIN 
PARAMETER TEST CONDITIONS 
FIGURE mh 
Large signal differential 
AvD Nae. 
voltage amplification 
lio Input offset current 


lip Input bias current 
VICR Common-mode input voltage range 


Voo Output offset voltage 


Input resistance 


Vic=+1V, f= 100 kHz 
AVcoc+ = +0.5V, 
AVcc— = +0.5V 


Supply-voltage rejection 
ratio (AVCC/AVio¢) 


Isink(max) Maximum output sink current 
Icc Supply current 


tThe gain option is selected as follows: 
Gain Option 1 . . Gain Adjust pin 1A is connected to pin 1B, pins 2A and 2B are open. 
Gain Option 2 . . Gain Adjust pin 2A is connected to pin 2B, pins 1A and 1B are open. 
Gain Option 3 . . All Gain Adjust pins are open. 


ae 
Par 
eas 
Vope Maximum output wotage Pte 
penne 
= 
ES 
ae 


MIN TYP MAX 
250 600 


V26S3N ‘Z6S3N 
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SE592, NES92, NES92A 
DIFFERENTIAL VIDEO AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


0.2 uF 
Vo+ Vo+ 
ViD 
Vo- Vo- 
0.2 uF 
Vo+ + Vo- 502 50 2 e 1kQ2 1kQ2 
ies eae 
FIGURE 1 FIGURE 2 
0.2 uF 
502 . 
Vo+ 
‘ F 
502 — 
* Vo - 


fete 
: 
+8) 
x 
~ 


FIGURE 3 


FIGURE 4 
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SN28827 
SONAR RANGING MODULE 


D2780, OCTOBER 1983—REVISED MARCH 1988 


Accurate Sonar Ranging from 6 Inches to 
35 Feet 


@ Drives 50-kHz Electrostatic Transducer with 
No Additional Interface 


Operates from Single Supply 


@® Accurate Clock Output Provided for External 
Use 


Selective Echo Exclusion 
TTL-Compatible 
Multiple Measurement Capability 


Uses TL851 and TL852 Sonar Ranging 
Integrated Circuits 


See schematic, Figure 4, for terminal assignments. 


description 


The SN28827 is an economical sonar ranging module that can drive a 50-kHz, 300-V electrostatic transducer 
with no additional interface. This module, with a simple interface, is able to measure distances of from 
6 inches to 35 feet. The typical absolute accuracy is +2% at one foot or greater. 


This module has an external blanking input that allows selective echo exclusion for operation in a multiple- 
echo mode. The module is able to differentiate echos from objects that are only three inches apart. The 


digitally controlled-gain, variable-bandwidth amplifier minimizes noise and sidelobe detection in sonar 
applications. 


The module has an accurate ceramic-resonator-controlled 420-kHz time-base generator. An output based 


on the 420-kHz time base is provided for external use. The sonar transmit output is 16 pulses at a frequency 
of 49.4 kHz. 


The SN28827 operates over a supply voltage range of from 4.5 V to 6.8 V and is characterized for operation 
from O°C to 40°C. 


n 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 5 
\olinde- Iron any min. to-areund wee Nate 4). 26 toons oo ce toe ea nod ao « Sm wv Wolo Soe 7V + 
Voltage from any pin except XDCR to Vcc (see Note 1) ................-.-04. -7Vto 0.5 V ‘2 
Operating free-air temperature range ee a oka Sn i ee ee pas 0°C to 40°C ~ 
Storage temporatore tenon. 6s Re ec ee dea ee os Soe FUR - —-40°C to 85°C = Le 
NOTE 1: The XDCR pin may be driven from —1 V to 300 V typical with respect to ground. & 
Oo 
® 
2. 
¢) 
PRODUCTION DATA documents contain information P Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to ep 
Tadderd Sear aay; teebiotes srtaousieg uate out TEXAS 4-61 
naslaneriy include testing of fi recrims INST RUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN28827 
SONAR RANGING MODULE 


recommended operating conditions 


Low-level input voltage, Vii BLNK, BINH, INIT Neeee eee 
ECHO and OSC output voltage Boiesterrs 8 


Delay time, power up to INIT high 
Recycle period 
Operating free-air temperature, Ta 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPTt MAX | UNIT 
BLNK, BINH, INIT v= 21V mA 
High-level output current, Io | ECHO, OSC ; 
Low-level output voltage, Vo, | ECHO, OSC : EME 
k 
m 


See Note 2 


A 

V 

| ms | 

Frequency during 16-pulse 

del 
transmit period 

After transmit period 


TAIl typical values are at Vcc = 5 V and Ta = 25°C. 
NOTE 2: These typical values apply for a 420-kHz ceramic resonator. 


schematics of inputs and outputs 


EQUIVALENT OF BLNK, BINH TYPICAL OF ECHO AND 
AND INIT INPUTS OSC OUTPUTS 


OUTPUT 


Dn 
5°) 
@ 
Q. 
2 
“Tl 
c 
| 
© 
a. 
© 
- 
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SN28827 
SONAR RANGING MODULE 


operation with Polaroid electrostatic transducer 


There are two basic modes of operation for the SN28827 Sonar ranging module: single-echo mode and 
multiple-echo mode. The application of power (Vcc), the activation of the Initiate (INIT) input, and the 
resulting transmit output, and the use of the Blanking Inhibit (BINH) input are basically the same for either 
mode of operation. After applying power (VCC), a minimum of 5 ms must elapse before the INIT input 
can be taken high. During this time, all internal circuitry is reset and the internal oscillator stabilizes. When 
INIT is taken high, drive to the Transducer (XDCR) output occurs. Sixteen pulses at 49.4 kHz with 300-V 
amplitude will excite the transducer as transmission occurs. At the end of the 16 transmit pulses, a dc 
bias of 150 V will remain on the transducer as recommended for optimum operation by the transducer 
manufacturer. 


In order to eliminate ringing of the transducer from being detected as a return signal, the receive (REC) 
input of the ranging control IC is inhibited by internal blanking for 2.38 ms after the initiate signal. If a 
reduced blanking time is desired, then the BINH input can be taken high to end the blanking of the Receive 
input anytime prior to internal blanking. This may be desired to detect objects closer than 1.33 feet 
corresponding to 2.38 ms and may be done if transducer damping is sufficient that ringing is not detected 
as a return signal. 


In the single-echo mode of operation (Figure 1), all that must be done next is to wait for the return of 
the transmitted signal, traveling at approximately 0.9 ms per foot out and back. The returning signal is 
amplified and appears as a high-logic-level echo output. The time between INIT going high and the echo 
(ECHO) output going high is proportional to the distance of the target from the transducer. If desired, the 
cycle can now be repeated by returning INIT to a low-logic level and then taking it high when the next 
transmission is desired. 


Vec+ Sik, cea a aia ak Be Da aca ha dy 


INIT 


TRANSMIT 16 PULSES 
Low 
LOW 


BLNK 
BINH 


INTERNAL 
BLANKING Sarees PPS ee es oe Jee 
ECHO | | 


FIGURE 1. EXAMPLE OF A SINGLE-ECHO-MODE CYCLE WITHOUT BLANKING INPUT 


Special Functions on 


If there is more than one target and multiple echos are to be detected from a single transmission, then 
the cycle is slightly different (Figure 2). After receiving the first return signal, which causes the ECHO 
output to go high, the Blanking (BLNK) input must be taken high then back low to reset the Echo output 
for the next return signal. The blanking signal must be at least 0.44 ms in duration to account for all 16 
returning pulses from the first target and allow for internal delay times. This corresponds to the two targets 
being 3 inches apart. 
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SN28827 
SONAR RANGING MODULE 


Vcc+ | 

INIT | 
TRANSMIT | | | 16 PULSES 
(INTERNAL) 

BLNK | | 


BINH | 
INTERNAL | | 
BLANKING 
ECHO | | 


FIGURE 2. EXAMPLE OF A MULTIPLE-ECHO-MODE CYCLE WITH BLANKING INPUT 


During a cycle starting with INIT going high, the receiver amplifier gain is incremented higher at discrete 
times (Figure 3) since the transmitted signal is attentuated with distance. At approximately 38 ms, the 
maximum gain is attained. For this reason, sufficient gain may not be available for objects greater than 


RECEIVER GAIN 
vs 
GAINSTEP NUMBERS 


100 ———— 
fp momen ears 
ae aes 
eh oe 
”n oe ee 
Oo 20 eR 
: GR 
2, id = 
J === 
"1 5 Re SRS! eas es 
Zz “UREA SE RE TH 
5 ; SP as ae 
® 
i spe 
s YaSSeeee= 
77) VY 9 COE ane 2aem Is1z Es 
TES: BOE ck Bae iOS) BB 
oe ane RE RS 
GE ee SE a a a, a 
Gain Steps 
FIGURE 3 
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SN28827 
SONAR RANGING MODULE 


35 feet away. Although gain can be increased by varying R1 (Figure 4), there is a limit to which the gain 
can be increased for reliable module operation. This will vary from application to application. The modules 
are ‘‘kitted’’ prior to their final test during manufacture. This is necessary because the desired gain 
distribution is much narrower than the module gain distribution if all were kitted with one value resistor. 
As kitted, these modules will perform satisfactorily in most applications. As a rule of thumb, the gain can 


be increased by up to a factor of 4, if required, by increasing R1 correspondingly. Gain is directly proportional 
to R1. 


ECHO 
GINH 
BLNK 


=] P GND 
| 
| 
I 
} 
I 
| 
} 
! 
i 
1 
I 
: 
l 
! 
| 
1 
| 
| 
| 
I 
i 
I 
I 
) 
| 
| 
al 


C5 
0.0022 uF 
J2 
XDCR 
CR1 
4 li60 v 
CR2 
160 V 
J3 
XGND 


TR1 is selected at the factory. 


FIGURE 4. SCHEMATIC 


toe 56,1 (2.21 —7 


8 ea. HOLES 
48,0 0,79 (0.031) DIA 
(1.89) 


” 
¢ 
9 
oad 
© 
= 
pee 
LL 
ic 
O 
® 
2. 
~ 


HOLES 
1,2 (0.047) DIA 


ZENER DIODE 
NPN TRANSISTOR 


+ 41,7 (1.64) 
OVERALL HEIGHT IS 15,2 (0.60’’) TYP 


NOTE: All dimensions are in millimeters and parenthetically in inches. 


FIGURE 5. COMPONENT LAYOUT AND DIMENSIONS OF MODULE 
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SN28828 
SONAR RANGING MODULE 


D2842, JANUARY 1985 


Accurate Sonar Ranging from 6 Inches to 
35 Feet 


Drives 40-kHz Piezoelectric Transducer 


Operates from Single Supply 


Accurate Clock Output Provided for External 
Use 


Selective Echo Exclusion 
TTL-Compatible 


Multiple Measurement Capability 


Uses TL852 and TL853 Sonar Ranging See schematic, Figure 4, for terminal assignments. 
Integrated Circuits 


description 


The SN28828 is an economical sonar ranging module that can drive a 40-kHz piezoelectric transducer 
with no additional interface. This module, with a simple interface, is able to measure distances ranging 
from 6 inches to 35 feet. The typical absolute accuracy is +2% at one foot or greater. 


This module has an external blanking input that allows selective echo exclusion for operation in a multiple- 
echo mode. The module is able to differentiate echos from objects that are only 3.5 inches apart. The 
digitally controlled-gain, variable-bandwidth amplifier minimizes noise and side-lobe detection in sonar 
applications. 


The module has an accurate ceramic-resonator-controlled 420-kHz time-base generator. An output based 
on the 420-kHz time base is provided for external use. The sonar transmit output is 16 pulses at a frequency 
of 40 kHz. 


The SN28828 operates over a supply voltage range of from 4.5 V to 6.8 V and is characterized for operation 
from O°C to 40°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 2 
VOliB06: TFG MEE. DIN) TO OUI SOG THON FD gv Slots: cise acd eos 4, oe engi oc ace a te Bont eye see shies 8 7V oO 
Voltage from any pin except XDCR to Vcc (see Note 1)............ 0... ee eee -7Vto0.5V rT} 
Operating Troe Bir Tommasi Tange <4 ek cs oh ee et es Lee pphlas dax eee ye wee O°C to 40°C € 
Stormige tereaerre te a ae, eee PE Aa ote gp OP bce wee « ea — 40°C to 85°C r 

NOTE 1: The XDCR pin may be driven to +35 V typical with respect to ground. = 
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SN28828 
SONAR RANGING MODULE 


recommended operating conditions 


oe ee (ie ro ee 
Sopp iiiege, Veo 5. se SSC Oem We 
High-level input voltage, Vig < BINK BINT CC Cd rt 
Low-level input vottage, Vin LNK, BINH, INIT__—SC~CSCSCSCST SC VT 
FECHO end OSC ouput vohage | ee OR nO get | 
a. oon 
i eee er 
Se SRS SAGE GS 


Delay time, power up to INIT high 
Recycle period 
Operating free-air temperature, Ta 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


V 
V 
V 
V 
°C 

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

BLNK, BINH, INIT v= 2.1V A 
F A 
V 
V 
s 
Hz 
Hz 
A 


ee ee nA | 
High-level output current, Ioy | ECHO, OSC VOH = 5.5 V Sear eee 
Low-level output voltage, Vo, | ECHO, OSC lol = 1.6 mA ee Se ee 
Transducer output voltage (peak-to-peak) Ra ee es Meee Ula 
Internal blanking interval ne as Bee ES Sa 
Frequency during 16-pulse hast. 
oe . E ae See Note 2 k 
transmit period XMIT output Set) ay 
Frequency after 16-pulse 
- ; : ‘ : See Note 2 k 
transmit period XMIT output PEs: Bram 
During transmit period 
Supply current, Icc . . m 
After transmit period 


TTypical values are at Vcc = 5 V and Ta = 25°C. 
NOTE 2: These typical values apply for a 420-kHz ceramic resonator. 


schematics of inputs and outputs 


EQUIVALENT OF BLNK, BINH, TYPICAL OF ECHO AND 
AND INIT INPUTS OSC OUTPUTS 


OUTPUT 
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| SN28828 
SONAR RANGING MODULE 


operation with 40-kHz piezoelectric transducer 


There are two basic modes of operation for the SN28828 Sonar ranging module: single-echo mode and 
multiple-echo mode. The application of power (Vcc), the activation of the Initiate (INIT) input and the 
resulting transmit output, and the use of the Blanking Inhibit (BINH) input are basically the same for either 
mode of operation. After applying power (Vcc), a minimum of 5 ms must elapse before the INIT input 
can be taken high. During this time, all internal circuitry is reset and the internal oscillator stabilizes. When 
INIT is taken high, drive to the Transducer (XDCR) output occurs. Sixteen pulses at 40 kHz with 70-V 
peak-to-peak amplitude will excite the transducer as transmission occurs. 


In order to eliminate ringing of the transducer from being detected as a return signal, the Receive (REC) 
input of the ranging control IC is inhibited by internal blanking for 2.46 ms after the initiate signal. If a 
reduced blanking time is desired, then the BINH input can be taken high to end the blanking of the Receive 
input anytime prior to internal blanking. This may be desired to detect objects closer than 1.37 feet 
corresponding to 2.46 ms and may be done if transducer damping is sufficient that ringing is not detected 
as a return signal. 


In the single-echo mode of operation (Figure 1), all that must be done next is to wait for the return of 
the transmitted signal, traveling at approximately 0.9 ms per foot out and back. The returning signal is 
amplified and appears as a high-logic-level echo output. The time between INIT going high and the Echo 
(ECHO) output going high is proportional to the distance of the target from the transducer. If desired, the 
cycle can now be repeated by returning INIT to a low-logic level and then taking it high when the next 
transmission is desired. 


Vcc+ ESR GES PO SO RES OS I ws RS eg eae 


INIT 


TRANSMIT 16 PULSES 
LOW 
Low 


BLNK 
BINH 


INTERNAL 
BLANKING MEE 2.46 co) Se Re ae 8 ae | 
ECHO | 


FIGURE 1. EXAMPLE OF A SINGLE-ECHO-MODE CYCLE WITHOUT BLANKING INPUT 


If there is more than one target, and multiple echos are to be detected from a single transmission, then 
the cycle is slightly different (Figure 2). After receiving the first return signal, which causes the ECHO 
output to go high, the Blanking (BLNK) input must be taken high then back low to reset the Echo output 
for the next return signal. The blanking signal must be at least 0.52 ms in duration to account for all 16 
returning pulses from the first target and allow for internal delay times. This corresponds to the two targets 
being 3.5 inches apart. 


Special Functions _ 
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Voec+ | 

INIT | 
TRANSMIT l | 16 PULSES 
(INTERNAL) ——$—— 

BLNK i | 


BINH 
INTERNAL | 
BLANKING 
ECHO | 


FIGURE 2. EXAMPLE OF A MULTIPLE-ECHO-MODE CYCLE WITH BLANKING INPUT 


During a cycle starting with INIT going high, the receiver amplifier gain is incremented higher at discrete 
times (Figure 3) since the transmitted signal is attenuated with distance. At approximately 38 ms, the 
maximum gain is attained. For this reason, sufficient gain may not be available for objects greater than 


RECEIVER GAIN 
vs 
GAINSTEP NUMBERS 


Receiver Gain 


2) 
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Gain Steps 


FIGURE 3 
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3 | SN28828 
SONAR RANGING MODULE 


35 feet away. Although gain can be increased by varying R1 (Figure 4), there is a limit to which the gain 
can be increased for reliable module operation. This will vary from application to application. The modules 
are ‘‘kitted’’ prior to their final test during manufacture. This is necessary because the desired gain 
distribution is much narrower than the module gain distribution if all were kitted with one value resistor. 
As kitted, these modules will perform satisfactorily in most applications. As a rule of thumb, the gain can 
be increased by up to a factor of 3, if required, by increasing R1 correspondingly. Gain is directly proportional 
to R1. 


J3 
XGND 


TR1 is selected at the factory. 


FIGURE 4. SCHEMATIC 
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NPN TRANSISTOR 
41,7 (1.64) 
OVERALL HEIGHT IS 15,2 (0.60) TYP 


NOTE: All dimensions are in millimeters and parenthetically in inches. 


FIGURE 5. COMPONENT LAYOUT AND DIMENSIONS OF MODULE 
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PROGRAMMABLE TONE/NOISE GENERATOR 


D2801, JUNE 1984—REVISED JANUARY 1989 


Each Circuit Contains 3 Programmable N 
Tone Generators DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


@ Programmable White-Noise Generator 
@ Programmable Attenuation 
e Simultaneous Sounds DO []3 14] ] CLK 


@ Up to 500 kHz Clock Input for SN76494 and era 
4 MHz for SN76496 


e External Audio Input for SN76496 May Be AUDIO OUT[}7 _ 10{ ] D7 
Summed with Internally Generated Tones GND []s8 9[] AUDIO IN 


@ The SN76494A and SN76496A are 
Interchangeable with the SN76494 
and SN76496, Respectively 


description 


The SN76494 and SN76494A digital complex sound generators are integrated injection logic (I2L) tone 
generators designed to provide low-cost tone or noise generation capability in microprocessor systems. The 
SN76494 and SN76494A are data-bus-based input-output peripheral devices that interface the 
microprocessor through 8 data lines and 3 control lines. 


The SN76494 and SN76494A are identical to the SN76496 and SN76496A except that the maximum clock 
input frequency for SN76494 and SN76494A is 500 kHz and for SN76496 and SN76496A, it is 4 MHz. A 
“divide-by-eight” stage is deleted from the SN76496 and SN76496A circuitry so that only 4 clock pulses are 
required to load the data into the SN76494 and SN76494A, compared to 32 pulses for the SN76496 and 
SN76496A. 


Either of these devices may also be used as a replacement for the SN76489A in all applications if pin 9 is left 
open or grounded. The output load must be limited to 10 mA. 


When audio input is not desired in the SN76494, SN76494A, SN76496 or SN76496A, the audio input pin 
should be grounded. 


functional block diagram 


TONE AUDIO 

14 7) 

ciock (14) ee +2 +N +2 GENERATOR NO. 1 OUTPUT 
IN “ St ia ATTENUATION DECODER 


i INPUT DECODER TONE 
01 ee = on GENERATOR NO. 2 
a = € pace ATTENUATION 


TONE 
GENERATOR NO. 3 


& ATTENUATION 
NOISE 
+16 +2/4/8 GENERATOR 
ees eae 
Pe eee 


SELECTOR 
AuDIO (9) 
INPUT 


PRODUCTION DATA documents contain information fi Copyright © 1984, Texas Instruments Incorporated 
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| SN76494, SN76494A, SN76496, SN76496A 
| PROGRAMMABLE TONE/NOISE GENERATOR 


schematics of inputs and outputs 


EQUIVALENT OF DATA INPUTS EQUIVALENT OF CLOCK INPUT TYPICAL OF ALL OUTPUTS 


OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


go ES OS oS Se re rats aa LA ee eee Sone et Pare Cramer ore 7V 
Sere Sn i SE RR ni GO aa ve xy Face alata ew bos ak Rage ERT Fe ek ep a eee 0.9 V 

A EOP NSS Siais eile S ie Bako ite ASE RBA MES eee Vi aia 7V 
CURD CURCORE OF OE TG. ie oO S98e O56 TAS Lae WSL SPR OL Oaioenes E 10 mA 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) ...... 1150 mW 
Operating free-air temperature range... . . 20 JONG YAS Bee ee a 0°C to 70°C 
I se a es do wiey pie Somialecie tA 512.8 ea a -—55°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .......... 0. eee eee ee eee 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2.For operation above 25°C free-air temperature, derate linearly to 736 mW at 70°C at the rate of 9.2 mW/°C. 


recommended operating conditions 


ee ae 
eae eT | 
57 SSR TS A a a SRS 
Nig, Hoeinat wage) 
a wanna ee 
Sl Ato ptcurent ir 
© [Von High-level output voltage (pin 4) Rees | pee eens es ee 
Ein, eetaildamtgad cs. ee 
mr [cock Input clock frequency MMI. See ers 
Dane tevin rete ee 
Ci. mime ae ee 
a 
a TA Operating free-air temperature Soe Se eS | BR Se Ss 
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SN76494, SN76494A, SN76496, SN76496A | 
PROGRAMMABLE TONE/NOISE GENERATOR 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
IOH High-level output current (pin 4) Vo = 5.5V 
WH High-level input current (All digital inputs) Vi = Voc 10 A 


CE input -25 -175 

eee we pene ibs), Raa ee Vs ; 

Ey ee ee All other digital inputs et 
ViB Input bias voltage, audio (pin 9) R = 4.7kN to Voc 0.5 0.7 0.9 V 


Vor High-level output voltage (pin 7) Em Se ar eee 
VoL Low-level output voltage (pin 4) V 


; Attenuation: 
V Peak-to-peak output voltage (pin 7 
OPP P P ge (pin 7) Generator under test = 0 dB 


All other generators = 30 dB 


ioc Supply curt Sesame oe So $080 
2 dB NOW 
4 dB NOM 3 4 5 
sae iE Mane ae 
ane ar 8 dB NOW rev 
16 dB NOM 15 16 17 
ia: NRA Geen ait Seman in ane alee wate encnns Wea Seag clews tT NO 


T Typical values are at Voc = 5 V, Ta = 25°C. 


switching characteristics, Vcc = 5 V, Ta = 25°C 
__TEST CONDITIONS 


Propagation delay time, high-to-low level RDY 


t 
PHL output from CE 

Propagation delay time high-to-low level, RDY ees mn 
t Pasi CL = 225pF, Rr = 2kOtoV 
PAL output from WE . L P L ce 
tPLH Propagation delay time low-to-high level, RDY 


output from CLK 


PARAMETER MEASUREMENT INFORMATION 


Vcc 
ss SN76494, 
SN76494A 
(16) 


aeeee ton OSCILLOSCOPE 


Special Functions 


FIGURE 1. tpyp_ TEST CIRCUIT 
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SN76494, SN76494A, SN76496, SN76496A | 
PROGRAMMABLE TONE/NOISE GENERATOR 


pin assignments and functions 


SIGNATURE | PIN | 1/0 | DESCRIPTION 


Chip Enable. When chip enable is low, the device is operational, input terminals are enabled, and data may be 
entered. 
DO 


DO through D7 — Input data bus 


ioe eT ear TR 
feNe-—\----- 6] -O-fGramareteretes 
ee | 14 | 1 | Input Clock 


oe Write Enable. When CE is enabled and WE is active (low), input on the data bus is accepted. CE and WE must 
Bee low, READY indicates that a write cycle is in progress; data on the input bus must remain valid until 


be held low until READY returns high (four clock cycles for the SN76494 and SN76494A or 32 clock cycles for 
eay | 
Bee returns high. 


the SN76496 and SN76496A). If WE remains low throughout four additional clock cycles for the SN76494 and 
SN76494A (32 clock cycles for the SN76496 and SN76496A) a new write cycle will be initiated. 

AUDIO IN ore a Audio input from external source 

AUDIO OUT 7 | O | Audio Drive Out 


PRINCIPLES OF OPERATION 
tone generators 


Each tone generator consists of a frequency synthesis section and an attenuation section. The frequency 
synthesis section requires 10 bits of information (FO-F9) to define half the period of the desired frequency (f). 


~*~ FO is the most significant bit and F9 is the least significant bit. This information is loaded into a 10-stage tone 
z counter, which counts down at an N/2 rate where N is the input clock frequency. When the tone counter 
o counts down to zero, a borrow signal is produced. This borrow signal toggles the frequency flip-flop and also 
reloads the tone counter. Thus, the period of the desired frequency is twice the value of the period register. 
a The frequency can be calculated by the following: 
= 
2 f= for SN76494 and SN76494A, orf= a5 for SN76496 and SN76496A 
af 
= where N = clock in Hz 
” n = 10-bit binary number 
The output level of each tone/noise generator may be selected by programming a four stage attenuator. The 
attenuator values, along with their bit position in the data word, are shown in Table 1. Multiple attenuation 
control bits may be true simultaneously. Thus, the maximum attenuation is 30 dB. 
EXAS i 
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| SN76494, SN76494A, SN76496, SN76496A 
. PROGRAMMABLE TONE/NOISE GENERATOR 


TABLE 1. ATTENUATION CONTROL 


BIT POSITION WEIGHT 
(in dB) 


AO At A2_ A3 


noise generator 


The noise generator consists of a noise source and an attenuator. The noise source is a shift register with an 
exclusive OR-feedback network. The feedback network has provisions to protect the shift register from being 
locked in the zero state. 


TABLE 2. NOISE FEEDBACK CONTROL 
FEEDBACK CONFIGURATION 


“Periodic” noise 
“White” noise 


Whenever the noise control register is changed, the shift register is cleared. The shift register will shift at one 
of four rates as determined by the two NF bits. The fixed shift rates are derived from the input clock. 


TABLE 3. NOISE GENERATOR FREQUENCY CONTROL 


SHIFT RATE 


N/64 


N/128 
N/256 
Tone generator #3 output 


The output of the noise source is connected to a programmable attenuator as shown in Figure 4. 


output buffer/amplifier 


The output buffer is a conventional operational amplifier summing circuit. It sums the three tone generator 
outputs, the noise generator output, and any audio input through pin 9. The output buffer will generate up to 
10 mA. 


To prevent oscillations in the output buffer, the output (pin 7) should be decoupled. This is done by putting 
10 ohms in series with 0.1 uF from pin 7 to ground (see Figure 3). 


Special Functions La 


data transfer 


The microprocessor selects the SN76494, SN76494A, SN76496, or SN76496A by taking CE low (low 
voltage). Unless CE is low, no data transfer can occur. When CE is low, the WE signal strobes the contents of 
the data bus to the appropriate control register. The data bus contents must be valid at this time. 


4 
INSTRUMENTS oe 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN76494, SN76494A, SN76496, SN76496A 
PROGRAMMABLE TONE/NOISE GENERATOR ‘ 


SEARLE RRS SS ES SPE EAN OARS SSE TNE EA BRD DOR STIS OEE Eo CDI Ne ERAT Es TELE LS A ES SP ED OS AE SE 
The SN76494 and SN76494A require approximately 4 clock cycles to load the data into the control register. 
The SN76496 and SN76496A require approximately 32 clock cycles. The open-collector READY output is 
used to synchronize the microprocessor to this transfer and is pulled to the false state (low) immediately 
following the falling edge of CE for WE when data transfer is initiated by WE). READY will go high upon 
completion of the data transfer cycle. The data transfer timing is shown below. 


DATA TRANSFER TIMING | SUBSEQUENT DATA TRANSFER 
INITIATED BY CE | INITIATED BY WE (CE HAS 
| REMAINED LOW SINCE LAST 
| TRANSFER CYCLE) 


| | 
SN76494, | | 
SN76494A | 1 2 3 4 | 1 2 3 4 


CLK 


| | 
SN76496, | | 
SN76496A ie eee 2 Peed | 
| 


CLK 


INPUT DATA 
DO-D7 
| || fel 


T WE must be returned high (inactive) within 4 clock pulses for the SN76494 and SN76494A (32 clock pulses for the SN76496 and SN76496A) 
after RDY returns high. Otherwise, a new data transfer cycle will be initiated. 


FIGURE 2. DATA TRANSFER TIMING 


TABLE 4. FUNCTION TABLE 


rae we [rer 
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This table is valid when the 


device is: 

(1) not being clocked, and 

(2) is initialized by pulling WE 
and CE high. 


SN76494, SN76494A, SN76496, SN76496A 
PROGRAMMABLE TONE/NOISE GENERATOR 


CPU interface to SN76494, SN76494A, SN76496 or SN76496A 


The microprocessor interfaces with the SN76494, SN76494A, SN76496, or SN76496A by means of the 8 data 
lines and 3 control lines (WE, CE and READY). Each tone generator requires 10 bits of information to select 
the frequency and four bits of information to select the attenuation. A frequency selection requires a double- 
byte transfer, while an attenuator selection requires a single-byte transfer. 


If no other control registers on the chip are accessed, a tone generator may be rapidly updated by initially 
sending both bytes of frequency and register data, followed by just the second byte of data for succeeding 
values. The register address is latched on the chip, so the data will continue going into the same register. This 
allows the six most significant bits to be quickly modified for frequency sweeps. 


control registers 


The devices have 8 internal registers that are used to control the 3 tone generators and the noise source. 
During all data transfers to the devices, the first byte contains a 3-bit field that determines the destination 
control register. The register address codes are shown in Table 5. 


TABLE 5. REGISTER ADDRESS FIELD 


DESTINATION 
CONTROL REGISTER 


Tone 1 Frequency 
Tone 1 Attenuation 
Tone 2 Frequency 
Tone 2 Attenuation 
Tone 3 Frequency 
Tone 3 Attenuation 
Noise Control 
Noise Attenuation 


0 
0 
1 
1 
0 
0 
1 
1 


-_-oO--"OoOoO-+- Oo -—-+ O 


data formats 


The formats required to transfer data are shown below. 


Rage 17: ara DATA 
RO FO F1 F2 F3 F4 F5 


Special Functions ne 


aif 0 ae ae = 7 BIT 0 SECOND BYTE BIT 7 
UPDATE NOISE SOURCE (SINGLE BYTE TRANSFER) 
REG ADDR SHIFT 
Ro | Rt | R2 = NFO | NF1 
BIT 0 BIT 7 
UPDATE ATTENUATOR (SINGLE BYTE TRANSFER) 
REG ADDR DATA 
BIT 0 BIT 7 
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TYPICAL APPLICATION DATA 


| BUFFER 


(SEE NOTE 3) 


AUDIO 
AMPLIFIER 


| ao 
a ee 


SN76494 | 
SN76494A ) 
SN76496 0.1 pF 
SN76496A wee 


NOTE 3: The capacitance values of C1 and C2 are determined by the frequency response desired and the audio amplifier used. 


FIGURE 3. EXTERNAL AUDIO OUTPUT INTERFACE 


D4 
CLOCK 
D3 
Ycc 
D2 re 16 
dh EI SN76494, 16 
SN76494A, 
" Vcc READY <1 ogee 2 
OR 
8 2.5 ko g 12 
® SELECT we EA Ea 
m AUDIO OUT 10) 
i 1 
= 8 9 | 
et, BS 
oO — 
i AUDIO IN 
~” 
D7 
D6 
D5 


NOTES: 4. The data lines must be latched so that the data remains on them at least 32 clock cycles for the SN76496 and SN76496A or (4 clock 
cycles for the SN76494 and SN76494A) after the select line goes low. 
5. The select pulse should be a negative-going pulse with minimum duration of 150 ns. 


FIGURE 4. MICROCOMPUTER PARALLEL PORT INTERFACE 
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TLO101, TLO16C 
ADJUSTABLE-RATIO CURRENT MIRRORS 


D2738, SEPTEMBER 1983—REVISED APRIL 1988 


@ 33 Distinct Input-to-Output Emitter Ratios P DUAL-IN-LINE PACKAGE 
from 3:1 to 1:15 (TOP VIEW) 

@ Wide Input current Range: INPUT []1 LU sf] ouTPUT 
1 pA to 3 mA 


@® 35-Volt Output Capability 


High Output Impedance 


description 


The TLO10 is a Wilson current mirror that provides output current in a selectable fixed ratio to the input 
current. The ratio is substantially independent of changes in load, voltages, and temperature. Selecting 
the ratio consists of connecting appropriate input-emitter pins and output-emitter pins to ground as shown 
in Figure 1. 


The TLO10 is designed to operate with up to 3 mA input current if all three input-emitter pins are used. 
It will also operate at voltages up to 35 V. 


The TLO10I is characterized for operation from — 40°C to 85°C. The TLO10C is characterized for operation 
from O°C to 70°C. 


typical values of current ratio at Ta = 25°CT 


EMITTER RATIO | CURRENT RATIO EMITTER RATIO | CURRENT RATIO EMITTER RATIO | CURRENT RATIO 
m:nt he = Io/h m:nt he = Io/l m:nt he = Io/hj 
1:15 1:6 3:8 


” 
& 
2 
et 
= 
Tm is the number of input emitters used, n is the number of output emitters used. pen | 
LL. 
schematic a 
& 
® 
INPUT eo. 
” 
11E I2E O1E O2E O4E O8E 
PRODUCTION DATA documents contain information , Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to | 
specifications per the terms of Texas Instruments TEXAS 4-81 
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TLO101, TLO10C | 
ADJUSTABLE-RATIO CURRENT MIRRORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Cornett WICC ter UIE Pog tea oe cia a Vie Pe an oo ee en alae ie A ep ead 45 V 
init. ClPRIUGR Bac ee TUS ES Sie be RS JOSE Sa ae 5 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)........ 725 mW 
Operating free-air temperature range: TLO1OI ............. 0.0 eee eee ee — 40°C to 85°C 

; TORVUG. a ava ds Deseo eee O°C to’ 70°C 
Storage tenierarrn FENGO | fl oe ke oe a ws EN ee oe 2 ee - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................00005- 260°C 


NOTES: 1. Input and output voltages are with respect to the common terminal. Neither voltage should be more negative than —0.3 V. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 8.0 mW/°C. 


recommended operating conditions 


boc eect wire ud) wel den go a 
[MIN MAX | MIN —~MAX| 
Gina yolags, Vg == tC‘“C:sCS::t*S*‘“‘i‘“ i=‘ (RS CT | 
0.6 54a ee re ee 
input current per input emitter, SS~S*~=“‘s*~*S*~*S*S*~*S*S*S*~*~*OOON'SC“‘C#SNSCSCCOCN*S“ON™SOW#*é*é‘«it” 

=4 


, 


electrical characteristics over recommended ranges of operating free-air temperature and output voltage 
(unless otherwise noted) 


PARAMETER TEST CONDITIONSt oe ise UNIT 
MIN TYP MAX | MIN TYP? MAX 


Tate 2 ee ee 
mien ca A ae ee 
[Se ae a PA 
pone. ae eee 


hmin = 1:8... 4-697 7.72) 8.192), 2.05 _ 7.72 8.43 
im:n= 1:4 | 3.61 3.89 4.05 | 3.64 3.89 4.05 


Input voltage 


V| 


he 


Temperature coefficient 
Che e | = MIN to MAX 
of current ratio 


Output-tornput lcolation| |= MINtoMAX, T=1kie [60 SSC*dPSCC=—<isC 


Current ratio (iq/I)) |; = MIN to MAX 


1.84 1.98 2.07-1:1.88 1.98 2.07 
0.89 0.99 1.08 | 0.94 .0.99 1.04 


y Output threshold l) = MIN to MAX Ta = MIN 
Otth) voltage § ’ Ta = 25°C 


=m x105A | 200m 
iy) =m x 100»A[ 20mm ‘| 20mm 
pam x 1mA 


Tm is the number of input emitters, n is the number of output emitters. For conditions shown as MIN or MAX, use the appropriate value 
specified under recommended operating conditions. 

+All typical values are at Ta = 25°C. 

§Output threshold voltage is the voltage at which the current ratio is equal to 90% of its value at Vo = 15 V. 

{The output resistance is directly proportional to the number of input emitters divided by the number of output emitters (m/n). 

#Maximum operating frequency is the frequency at which the output current is down 3 dB from its low-frequency value. 


lo Output resistance! 


Maximum operating 
rs frequency# 


fma 
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TLO101, TLO10C 
ADJUSTABLE-RATIO CURRENT MIRRORS 


TYPICAL APPLICATION INFORMATION 


TLO10 


11E I2E O1F O2E O4E O8E 


See Notes 3 and 4 


NOTES: 3. Selected emitters must be grounded as close as possible to the package to avoid unstable device behavior. 
Using the fixed-Beta model, the current ratio for a current mirror of m input emitters and n output emitters may be calculated as 


lo B2n + Bin + m) 
I B2m + (8 + 1) (m +n) 


Second-order effects, such as on-chip self-heating, may slightly perturb the observed ratio from the calculated value. 
4. Athigh current levels, a small capacitor (270 pF) may be required between the input and output terminals to improve stability. 


FIGURE 1. CURRENT MIRROR SET FOR A CURRENT RATIO OF 2:13 


Vcc 


RATE OF ” 
FLOW _ 
DETECTOR 2 
dead 

© 

& 

al 

LL. 

aS) 

PRESSURE-TIME VOLUME © 
PRODUCT SETTt SELECTOR o 

(7 p) 


Tt Adjust for a mirror of 11.9 


FIGURE 2. TYPICAL APPLICATION CIRCUIT 


In the application shown in Figure 2, the problem is to measure a precise volume of liquid flowing through a 
line and shut off the flow with a relay when limit is reached. For the particular volume to be measured and 
the pressure detector used, a current gain of 11.9 is required. By setting the TLO10 for a gain of 10 with the 
emitter selection, the exact gain of 11.9 may be obtained by adjusting the pressure-time product control. 
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SERIES TLO11, TLO12, TLO14A, TLO21 
FIXED-RATIO N-P-N CURRENT MIRRORS 


D2614, FEBRUARY 1984—REVISED OCTOBER 1988 


Wide Input Current Range: LP PACKAGE 
1 pA to 1 mA (TOP VIEW) 


35-Volt Output Capability 
INPUT 
High Output Impedance COMMON 
Current-Ratio Tolerances Over Full OUTPUT 
Temperature Range; 
+8% for | Suffix 
+ 7% for C Suffix 


@ Typically Less Than + 1% Error at 25°C 


INPUT-TO-OUTPUT CURRENT RATI 
TEMPERATURE VETOES ° 
RANGE 429 1:2 1:4 acs 


-40°C to 85°C TLO111 TLO121 TLO211 
0°C to 70°C TLO11C TLO12C TLO14AC =TLO2Z1C 


description 


The TLO11, TLO12, TLO14A, and TLO21 are Wilson current mirrors with output currents in fixed proportion 
to the input currents and substantially independent of changes in voltage, load, and temperature. These 
devices make use of the tight matching properties of identical bipolar transistors on a monolithic integrated 
circuit chip to achieve current-ratio accuracy typically better than 98%. 


Current mirrors are used extensively in linear integrated circuit designs as active loads for operational- 
amplifier stages and as current sources for other stages. The TLO11 family gives the designer this same 
capability with no sacrifice in accuracy or stability. 


The TLO11, TLO12, and TLO14A are designed to operate with input currents up to 1 mA and output voltage 
up to 35 V. The TLO21 is designed for 2 mA and 35 V. 


schematics 


” 
Cc 
TLO11 TLO12 TLO14A TLO21 © 
IN IN IN IN O 
c 
= 
LL. 
& 
COM COM COM COM = 
o. 
symbols ~” 
TLO11 TLO12 TLO14A TLO21 
1 ie: Lt . Lt ) 
Cc Cc Cc Cc 
PRODUCTION DATA documents contain information - Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to v] 
—, per ~ a of Texas ray cage 4-85 
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SERIES TLO11, TLO12, TLO14A, TLO21 
FIXED-RATIO N-P-N CURRENT MIRRORS 


CORES GENDER SAA AS ER SAF GE PRE is EEL LES IE SET ES UE ERIE EIA OE SETTLES LE OLE IA EATERIES 9 TEN SNA2 GLORET TE SE 7  NTE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


ETUC EAR TE Care CER CUED SS al al ys x a's og WEN ete inass kde RAE A eR aN ate ae ate NCR alas 45 V 
VEE COUTOUN 0 asa oe Ss Saas ee bod @ ee RE Sao bes Rs 2 ee eee 5 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)........ 775 mW 
Operating free-air temperature range: TLO11I, TLO12I, TLO21I1................ —- 40°C to 85°C 

TLOT1C, TLO12C, TLOT4AGCTLO2ZICG Wc. OB. 0°C to 70°C 
Storaoe teimporeture (ANOe. 6 cs ke Wa cw dws ends te cena ea ae eee -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................0005 260°C 


NOTES:1. Input and output voltages are with respect to the common terminal. Neither voltage should be more negative than —0.3 V. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 6.2 mW/°C. The LP package dissipation rating 
was based on thermal resistance, Rg ja, measured in still air with the device mounted in an Augat socket. The bottom of the 

package was 10 mm (0.375 in.) above the socket. 


recommended operating conditions 


Output voltage, Vo 


TLO21 
Input current, Io All others 


Operating free-air temperature, Ta 


Y) 
2) 
© 
2. 
=. 
a 
os 
= 
9 
S. 
3 
a 
” 


aor TEXAS wy 
INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


$9792 SVX3L ‘SVTIVO » Z1L0SS9 XO 39/440 LSOd 


SLINAWNYLSN] 


die SVX4L 


L8-¥ 


electrical characteristics over recommended ranges of operating free-air temperature and output voltage (unless otherwise noted) 


TLO11 
PARAMETER TEST CONDITIONS 


ean 


Vi Input voltage 


Current ratio Ra ae 
rtLo_c, Ac| |" = MIN to MAX 
(l/l) TL 2 | TLO_C, AC| AC 


Temperature coefficient 
= MIN to MAX 
of current ratio 


Output 
Voith) threshold TLO_C, AC| | = MIN to MAX 
voltages Pat 


es = 


Maximum operating 


f 
vr frequency 1 


TAll typical values are at Ta = 25°C. 


+For test conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 


SOutput threshold voltage is the voltage at which the current ratio is equal to 90% of its value at Vo = 15 V. 
{Maximum operating frequency is the frequency at which the output current is down 3 dB from its low frequency value. 


. 


Special Functions 


TLO21 
Typ? MAX 


0.46 0.54 


0.465 0.5 0,535 


UNIT 


SYOHYIIN LNAYYND N-d-N O1LWH-3XI4 
LZ01L ‘WULOTL ‘ZLOTL ‘LLOTL S31uaS 


suoiouny jeiseds ae 


SERIES TLO11, TLO12, TLOI4A, TLO21 
FIXED-RATIO N-P-N CURRENT MIRRORS 


TYPICAL CHARACTERISTICS 


TLO11 TLO12 
CURRENT RATIO CURRENT RATIO 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Current Ratio 
Current Ratio 


. 1.90 
-50 -—25 0 25 50 75 100 —50 -—25 0 25 50 75 100 
Ta—Free-Air Temperature— C Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 
TLO14A TLO21 
CURRENT RATIO CURRENT RATIO 
vs vs 
FREE-AIR TEMPERATURE FREE-AiR TEMPERATURE 
4.20 


4.16 


4.12 
4.08 


—_ 
=) 
° 
— 
p> 
Current Ratio 


4.04 


i 


° 
: | t= 100 ua 
é ee 
. — 
“Tea em == nae BE ea 
ines A 
E 3.96 ate 
é CL ea 
ae eae a 
i ee 
3.84 
va oh he erien | 
—50 —25 0 25 50 75 100 —50 —25 0 25 50 75 100 


Ta—Free-Air Temperature—C Ta—Free-Air Temperature—C 


FIGURE 3 FIGURE 4 
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SERIES TL011, TLO12, TLO14A, TLO21 
FIXED-RATIO N-P-N CURRENT MIRRORS 


TYPICAL APPLICATIONS INFORMATION 


¥oc 
lo = | 
Ri 
TLO11 VARIATIONS IN Ry DO NOT 
AFFECT 1; OR Ig WHEN: 
Vec-V 

ee CC : O(th) 

sateiesereneel day aS L 

\ 0 


FIGURE 5. BASIC CURRENT BUFFER 


E, = 2 mWicm? +12V 


TOTAL CIRCUIT POWER DISSIPATION 


Idle condition: Pp = 1.5 mW typical 
On condition: Pp = 12.5 mW typical 
10 »A from phototransistor provides a Vo swing of 10 V at 1 mA. 


FIGURE 6. PHOTOTRANSISTOR PREAMPLIFIER 


RECEIVER 


2N5447 
52 k? 0 to 250 2 


Special Functions aa 


lo = 4mAat Vs = OV tL 
. lo = 22 mA at Vg = 10 V a 


FIGURE 7. TWO-WIRE LINEAR CURRENT-MODE TRANSMITTER 
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Low Output Common-Mode Sensitivity to 


TLO26C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


D2790, JUNE 1985—REVISED OCTOBER 1988 


D OR P PACKAGE 


AGC Voitages (TOP VIEW) 
@ Input and Output Impedances Independent 8} JIN - 
of AGC Voltage 7 {_] REF OUT 
@ Peak Gai 38 dB T roe # 
eak Gain. . . 38 dB Typ 51 ]0UT— 
@ Wide AGC Range... 50 dB Typ 
@ 3-dB Bandwidth ... 50 MHz symbol 
@ Other Characteristics Similar to NE592 and acc 12! ae aes 
uA733 
Oe IN+ (1) (4) ours 
description 
in— £8) (5) 
This device is a monolithic two-stage video OUT- 


amplifier with differential inputs and outputs. 


Internal feedback provides wide bandwidth, low phase distortion, and excellent gain stability. Variable 
gain based on signal summation provides large AGC control over a wide bandwidth with low harmonic 
distortion. Emitter-follower outputs enable the device to drive capacitive loads. All stages are current-source 
biased to obtain high common-mode and supply-voltage rejection ratios. The gain may be electronically 
attenuated by applying a control voltage to the AGC pin. No external frequency compensation components 


are required. 


This device is particularly useful in TV and radio IF and RF AGC circuits, as well as magnetic-tape and 
disk-file systems where AGC is needed. Other applications include video and pulse amplifiers where a large 
AGC range, wide bandwidth, low phase shift, and excellent gain stability are required. 


The TLO26C is characterized for operation from O°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc + (see Note 1) 


Supply voltage, VCC — (see Note 1)......... 


POON cinta: do oh a ea ae ebay ape, pea date Ld -8V QW 
Differential inputwoltbos.-.. =... 3. V.004.S4000Vbdk . oe cobs oa o DOHCAU Santon Vague - +5V & 
Common-mode immutrvornae: . 0c. MAO i OMY se di ee ee JOP ee eit +6V = 
EMAL USER OIAG SL: ho re fk cede Rae es ee cate bs he Se SPR Ge aaa seh = 10 mA o 
Continuous total power dissipation... . 6. is ee ie ee de we bs See Dissipation Rating Table oe 
Operating: tree-air temperature ..... a i AE OS Be SL is 2 i nomen 0°C to 70°C = 
eRRTRCIe AOTONAUING FONG. 20.00. :, wile cis Mylo ie co Nec hee c sv he a eae “65°C to. 180°C a 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds....................-. 260°C ,& 

NOTE 1: All voltages are with respect to the midpoint between Vcc 4 and Vcc — except differential input and output voltages. 2 

o. 
DISSIPATION RATING TABLE “” 
PACKAGE Ta = 25°C ABOVE Tag = 25°C Tag = 70°C 
POWER RATING DERATING FACTOR POWER RATING 
D 725 mW 5.8 mW/°C 464 mW 
P 1000 mW 8.0 mW/°C 640 mW 
PRODUCTION DATA documents contain information : Copyright ©1985, Texas Instruments Incorporated 
current as of publication date. Era bene Ti ve 
pp ‘ : Preauetion processing does not EXAS 4-91 
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TLO26C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


recommended operating conditions 


Cc 


<|</2 
4 


Supply voltage, Vcc + 
Supply voltage, Vcc — 


~ 
oOo 


electrical characteristics at 25 °C operating free-air temperature, VCC + = +6V, VAGC = O, REF OUT 
pin open (unless otherwise specified) 


PARAMETER aye 
FIGURE 
Large-signal differential 
AvD Pu Gr? VIV 
voltage amplification 


° 
oO 


Operating free-air temperature, Ta 


TEST CONDITIONS MIN TYP MAX 


o1 


Ww 
H o 
—_ 
oi 
° 
~ ro) 
ol 


8 1 


o1 


Vocpp) = 3 V, Ry = 2 kQ 


Vipp = 28.5 mV, Ry = 2 kQ, 
VAGC — Vref = +180 mV 


AAvp Change in voltage amplification 


Vref Voltage at REF OUT lref = —1 mAto 100 pA Vv 

BW Bandwidth (—3 dB) Voipp) = 1 V, VaGC-Vref = +180 mV | MHz | 

ho Input offset current BES eee 

IB Input bias current OG A IRE EE 
Common-mode input 
voltage range 

Voc Common-mode output voltage 253.78 4.25 

= Oto2V,RL = @ 

output voltage 

Voo Output offset voltage Vip = 0, RL = @ ‘ 
Maximum peak-to-peak 

VO(PP) “ be RL = 2 kQ V 
output voltage swing 


ees, 
ae eel 
Eearmests | 
cee | 
ees 
ivan Change in common-mode alae Vane 
ies 
ae 


: Input resistance at AGC, 
' IN+, or IN— 
React i ea Rs Sia ee See arg 
3 Vic = +1V,f = 100 kH 60 86 

CMRR Common-mode rejection ratio 3 iP: cee aw Aaae 60 ae 
7) ic ees aa 
| haus Supply voltage rejection 4 AVcc+ = +0.5 V, 50 0 
2 ; ratio (AVCC/AVIC) AVcc-— = +0.5V 
ane Broadband equivalent 
se Tv : ‘ BW = 1 kHz to 10 MHz uV 
— noise voltage 
1 [ipa Propagation delay time aVo = 1V Ra 
c aVo = 1V Pe ib ota] ne _| 
os lsink(max) Maximum output sink current ManiGaae. | Vip = 1V,V9o =3V  SUPSTAISION OBE TMA | 
e+ [icc Supply current SSE SS~*di Noa, Nosignal ———SSSSCSC~* 2227, mA_ 
2) 
a | 
” 

Ti wy 
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TLO26C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


electrical characteristics over recommended operating free-air temperature range, VCC + = +6V, 
VAGC = O, REF OUT pin open (unless otherwise specified) 


TEST 
PARAMETER ed TEST CONDITIONS MIN TYP MAX | UNIT 


lio Input offset current 
lip Input bias current 


Common-mode input 


V 
ICR voltage range 


Voo Output offset voltage 


y Maximum peak-to-peak 1 Ri = 
O(PP) output voltage swing 


rj Input resistance at AGC, IN+, or IN~ Cees, 


CMRR Common-mode rejection ratio 3 Vic = +1V,f = 100 kHz 
Supply voltage rejection AVcc+ = +0.5V, 
ratio (AVCC/AVjo) AVcc-— = +0.5V 


lsinkimax) Maximum output sink current ae Tn 
icc Supply curren [7] "Wo Toad No son 


kSVR 


PARAMETER MEASUREMENT INFORMATION 
AGC REF OUT 


0.2 uF 
Vo+ 
ViD 
Vo - a 
502 50.2 De enact ten ro) 
‘- 
= = = = oO 
= 
FIGURE 1 FIGURE 2 iL 
502 wh © 
Vo+ 2 
Vop RL =2k2 . 
502 ast dp) 
& Vo- & 
Vic 
| 1k2 1kQ2 = 
FIGURE 3 FIGURE 4 
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TLO26C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


TYPICAL CHARACTERISTICS 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
DIFFERENTIAL GAIN-CONTROL VOLTAGE 


Avp — Differential Voltage Amplification—V/V 


- 200 - 100 0 100 200 
VAGC — Vref — Differential Gain-Control Voltage —mV 
FIGURE 5 
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TLO26C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


TYPICAL APPLICATION INFORMATION 


gain characteristics 


Figure 5 shows the differential voltage amplification versus the differential gain-control voltage 
(VAGC — Vref). VAGC is the absolute voltage applied to the AGC input and Vref is the dc voltage at the 
REF OUT output. As VAGC increases with respect to Vref, the TLO26C gain changes from maximum to 
minimum. As shown in Figure 5 for example, VAGC would have to vary from approximately 180 mV less 
than Vref to approximately 180 mV greater than Vref to change the gain from maximum to minimum. 
The total signal change in VAGcC is defined by the following equation. 


AVAGC = Vref + 180 mV —- (Vref — 180 mV) (1) 
AVAGC = 360 mV 
However, because VAGC varies as the ac AGC signal varies and also differentially around Vref, then VAGC 
should have an ac signal component and a dc component. To preserve the dc and thermal tracking of 
the device, this dc voltage must be generated from Vref. To apply proper bias to the AGC input, the external 
circuit used to generate VAGC must combine these two voltages. Figures 6 and 7 show two circuits that 
will perform this operation and are easy to implement. The circuits use a standard dual operational amplifier 
for AGC feedback. By providing rectification and the required feedback gain, these circuits are also complete 
AGC systems. 
circuit operation 


Amplifier A1 amplifies and inverts the rectified and filtered AGC signal voltage Vc producing output voltage 

V1. Amplifier A2 is a differential amplifier that inverts V1 again and adds the scaled Vref voltage. This 

conditioning makes VAGC the sum of the signal plus the scaled Vref. As the signal voltage increases, 

VAGC increases and the gain of the TLCO26C is reduced. This maintains a constant output level. 
feedback circuit equations 


Following the AGC input signal (Figures 6 and 7) from the OUT output through the feedback amplifiers 
to the AGC input produces the following equation: 


1. AC output to diode D1, assuming sinusoidal signals 
Vo = Vop (sin (wt)) (2) 
where: 


Vop = peak voltage of Vo 


2. Diode D1 and capacitor C1 output 
Vo = Vop — VF (3) 


Special Functions S 


VF = forward voltage drop of D1 
Ve = voltage across capacitor C1 


i a ee Ne (4) 
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TLO26C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


TYPICAL APPLICATION INFORMATION 


4. A2 output (R3 = R4) 


VAGC Up: Ve + 2 pe dl Vref (5) 
R1 R5 + R6 


Amplifier A2 inverts V1 producing a positive AGC signal voltage. Therefore, the input voltage to the TLO26C 
AGC pin consists of an AGC signal equal to: 


see igs (6) 


and a dc voltage derived from Vref, defined as the quiescent value of VAGC. 


VAGC(q) = 2 ref (7) 


R6 
we 
R5 + R6 
For the initial resistor calculations, Vref is assumed to be typically 1.4 V making quiescent VAGC 
approximately 1.22 V (VaGc(q) = Vref — 180 mV). This voltage allows the TLO26C to operate at 
maximum gain under no-signal and low-signal conditions. In addition, with Vref used as both internal and 
external reference, its variation from device to device automatically adjusts the overall bias and makes 


AGC operation essentially independent of the absolute value of Vref. The resistor divider needs to be 
calculated only once and is valid for the full tolerance of Vref. 


output voltage limits (see Figures 6 and 7) 


The output voltage level desired must fall within the following limits. 


1. Because the data sheet minimum output swing is 3 V peak-to-peak using a 2-kQ load resistor, the 
user-selected design limit for the peak output swing should not exceed 1.5 V. 

2. The voltage drop of the rectifying diode determines the lower voltage limit. When a silicon diode is 
used, this voltage is approximately 0.7 V. The output voltage Vo must have sufficient amplitude to 
exceed the rectifying diode drop. A schottky diode can be used to reduce the Vo level required. 


gain calculations for a peak output voltage of 1 V 


A peak output voltage of 1 V was chosen for gain calculations because it is approximately midway between 
the limits of conditions 1 and 2 in the preceding paragraph. 


Using equation 3 (Vc = Vop — Vq), Vc is calculated as follows: 
Ve=1V-0.7V 
Ve = 0.3 V 


Therefore, the gain of A1 must produce a voltage V1 that is equal to or greater than the total change 
in VAGC for maximum TLO26C gain change. 


With a total change in VAaGc of 360 mV and using equation 4, the calculation is as follows: 


V1 i AVAGC E R2 = 0.36 gy 


Ve Vo Ri: = a3 


If R1 is 10 kQ, R2 is 1.2 times R1 or 12 kQ. 
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TLO26C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


TYPICAL APPLICATION INFORMATION 


Since the output voltage for this circuit must be between 0.85 V and 1.3 V, the component values in 
Figures 6 and 7 provide a nominal 1-V peak output limit. This limit is the best choice to allow for temperature 
variations of the diode and minimum output voltage specification. 


The circuit values in Figures 6 and 7 will produce the best results in this general application. Because of 
rectification and device input constraints, the circuit in Figure 6 will not provide attenuation and has about 
32 dB of control range. The circuit shown in Figure 7 will have approximately 25% variation in the peak 
output voltage limit due to the variation in gain of the TL592 device to device. In addition, if a lower output 
voltage is desired, the output of the TLO26C can be used for approximately 40 mV of controlled signal. 


considerations for the use of the TLO2Z6C 


To obtain the most reliable results, RF breadboarding techinques must be used. A groundplane board should 
be used and power supplies should be bypassed with 0. 1-yF capacitors. Input leads and output leads should 
be as short as possible and separated from each other. 


A peak input voltage greater than 200 mV will begin to saturate the input stages of the TLO26C and, while 
the circuit is in the AGC mode, the output signal may become distorted. 


To observe the output signal of TLO26C or TL592, low-capacitance FET probes or the output voltage divider 
technique shown in Figure 6 should be used. 


TLO26C 0.1 uF 


OUT + 


Neale 1.8 kQ TO SCOPE 


MONITOR 
REF 0.1 uF 
OUT 200 2 
30 ko 14 ke 1N914 = 
eX” 10 ko i 
% TLO82 = 
20 kQ 
NOTE: Vcc+ = 6 V and Vcc-— = -—6 V for TLO26C and amplifiers A1 and A2. 


FIGURE 6. TYPICAL APPLICATION CIRCUIT WITH NO ATTENUATION 


Special Functions ie 
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TLO26C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


TYPICAL APPLICATION INFORMATION 


1N914 


R1 R2 R3 R4 
10 kQ 10 kQ 10 kQ 


% TLO82 


REF 
OUT | TLo2z6c 
VouT - ° = 
. OUT + 
VOUT + 
TO 
SCOPE 
MONITOR 
200 2 
NOTE: Vcoc+ = 6 Vand Vcc— = -—6 V for TLO26C and amplifiers A1 and A2. 


FIGURE 7. TYPICAL APPLICATION CIRCUIT WITH ATTENUATION 
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® Low Output Common-Mode Sensitivity to 
AGC Voltages 


@ Input and Output impedances Independent 
of AGC Voltage 


Wide AGC Range... . 50 dB Typ 
3-dB Bandwidth... . 50 MHz 

@ Other Characteristics Similar to NE592 and 
uA733 


DEVICE FEATURES 


Gain Option 1 | 50 dB | 50 dB 
Gain Option 2 | 38 dB | 50 dB 


description 


This device is a monolithic two-stage video 
amplifier with differential inputs and outputs. 


Internal feedback provides wide bandwidth, low 
phase distortion, and excellent gain stability. 
Variable gain based on signal summation 
provides large AGC control over a wide 
bandwidth with low harmonic distortion. 
Emitter-follower outputs enable the device to 
drive capacitive loads. All stages are current- 


TLO27M, TLO27C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


D2888, JUNE 1985—REVISED JANUARY 1989 


D, J, OR N PACKAGE 
(TOP VIEW) 


IN+ [}1 O14 in- 
AGC} }2 13] |] REF OUT 
GAIN ADJ 1A 3 121 | GAIN ADJ 1B 
GAIN ADJ 2A] j4 111 | GAIN ADJ 2B 
Voc - Ls 
NC Lj6 
OUT +{]7 


NC — No internal connection 


symbol 
Act .t2! 
cain § 4 
ADJUST ) 4. 
IN + OUT + 
IN - (8) 


OUT - 


REF OUT 


cain } 7A 
ADJUST ) 98 


source biased to obtain high common-mode and supply-voltage rejection ratios. The gain may be 
electronically attenuated by applying a control voltage to the AGC pins. No external frequency compensation 
components are required. 


This device is particularly useful in TV and radio IF and RF AGC circuits, as well as magnetic-tape and 
disk-file systems where AGC is needed. Other applications include video and pulse amplifiers for which 
a large AGC range, wide bandwidth, low phase shift, and excellent gain stability are required. 


The TLO27M is characterized for operation over the full military temperature range of —55°C to 125°C. 
The TLO27C is characterized for operation from O°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Special Functions 


auoply voltege, Ver taag NOU Th i. oc: kine <0 ennine bie cape e's b uals oo Be eRe, COBO, 8 V 
SY  VOIOQG, UNIO tan ABOU UENO PE oo. oe evs gies ORE PR bck > dn 0 ple eo ce ee PE POI URN -8 V 
CATS r ee? SEVIISE ML RCPEICE WL |. os tc c's A Wek led oo a tea ls was « HS LT AP ATUL era +5 V 
Ran OMEN AIRES” ERNE 0 5c dln cc + Sa.) oo case Ok mcelecual ne SG ed dhe ak We aaa. d dip be ak hee +6 V 
TE ae BPS pac tl EE gn nee PS RE AEE eC DR Ra eateh Rat Ei RR i Oo 10 mA 
Ciertrtareee COCME IVR CIBIDOUIONL ie os epee he oc oc RN ace 0.0 8 che cals se de 500 mW 
Operating free-air temperature: TLO2Z7M ................ 000 eee eee eee + 65°C to, 125°C 

TLOZTIG Pade DU Neo ii, e's de ee es OS , SOMONE 6°C to: 7/620 
CROPACRULOITILIAT OLN TORE? ase oss ee are Eye A yo eek eee hal PO cos —65°C toa 160°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


NOTE 1: All voltage values are with respect to the midpoint between Vcc +4 and Vcc — except differential input and output voltages. 


PRODUCTION DATA documents contain information Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments. 
standard warranty. Production processing does not 


necessarily include testing of all parameters. 
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TLO27M, TLO27C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


recommended operating conditions 


Supply voltage, Vcc + 
Supply voltage, Vcc — 


/MIN_NOM_ MAX] UNIT 
Wr eae EET) ae 


Vv 


< 


ay ea TLo27M _[-85 126) 
Operating free-air temperature, Ta TLO27C eC 


electrical characteristics at 25°C operating free-air temperature, VCC + = +6 V, VAGc = 0, 
REF OUT pin open (unless otherwise noted) 


PARAMETER Lew TEST CONDITIONS oo 
FIGURE OPTIONT 
Large-signal differential 
A V =3V,R, = 2k2 
VD voltage amplification O(PP) L 


ak Change in voltage 1 ViiPP) = 7.5 mV, Ry = 2 kQ, 
dork amplification VAGC — Vref = +180 mV 
Change in voltage Vipp) = 28.5 mV, RL = 2 kQ, 


VAGC — Vref = +180 mV 


lref = 1 MA to 100 pA 


Vo(PP) = 1V, 
VAGC — Vref = +180 mV 


MIN TYP MAX} UNIT 


200 300 400 
85 105 


o) 
o1 


AA 
VD2 amplification 
Vref Voltage at REF OUT 


BW Bandwidth (—3 dB) 


lo Input offset current 
lig Input bias current 


Common-mode input 
voltage range 


H+ 


122) 

oO _ 
~w 
ol 


3/3 3 tl < 


VICR 


Ion. 
o 
| 
2° 
PS) 
2 
i 
8 


AL = 326 3.75 426 
rhe Change in common-mode VAGC = Oto2V, 
output voitage RL = 
Voo Output offset voltage 


¥ Maximum peak-to-peak 1 Ri = 2kQ 
O(PP) output voltage swing . 


Ee Pe ee ee cae mead 
io Do Ouput elation ris, Asleice bps Sijaszsdg wel Jinwb 
a wee eee 
CMRR Common-mode G2 yak! Vic= +1V,f < 100 kHz 86 
rejection ratio ee ts Vic = +1V,f = 5 MHz 
k Supply-voltage rejection AVcct+ = +0.5V, 50 70 
Vv 
Sve ratio (AVCC/AVjC) AVcc- = +0.5V 
Broadband equivalent 
input noise voltage 
lsink(max) Maximum output sink current ORAS Vip = 1V,Vo =3V ES Sk ERE 
Icc Supply current rat ia No load, No signal 22 27 


T The gain option is selected as follows: 
Gain Option 1. . .Gain Adjust pin 1A is connected to pin 1B, pins 2A and 2B are open. 
Gain Option 2. . .Gain Adjust pin 2A is connected to pin 2B, pins 1A and 1B are open. 
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TLO27M, TLO27C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


electrical characteristics over recommended operating free-air temperature range, VCC + = +6 V, 


VAGC = 0 V, REF OUT pin open (unless otherwise noted) 
GAIN 
optiont | MIN. TYP MAX| UNIT 


PARAMETER 


voltage amplification ; 
fig Input offbet euirent © 2 Vl Se eed | Be ae 
che, Input bias cupent <2 Subir ite ee P40] 
voltage range 
[Voo Output offset voltage ——~«| ~—1~—~«([ Vip = 0 AL = = es |. er ve 
Maximum peak-to-peak 
ri Input resistance iY i 2 a ee 
CMRR Common-mode rejection ratio eae soe Vic = +1V,f < 100 kHz non ES SS SSeS Se 
baue Supply voltage rejection oe AVcc+ = +0.5V, ee ee 
ratio (AVCC/AVio¢) AVcc- = +0.5V 
sinkimax) Maximum output sink current | [Vip=1V,Vo=3V | tor? | 26 4 | mA | 
icc Supply current =| =| Noload, No signal —*‘[ tor2 | 30] ma | 


T The gain option is selected as follows: 
Gain Option 1. . .Gain Adjust pin 1A is connected to pin 1B, pins 2A and 2B are open. 
Gain Option 2. . .Gain Adjust pin 2A is connected to pin 2B, pins 1A and 1B are open. 


PARAMETER MEASUREMENT INFORMATION 


0.2 uF 
Vo+ Vo+ 
Vip 
vo. Von 
2 uF 
502 50 2 oe EY Bee el 
- FIGURE 2 
Vop R_ =2k2 
0 
FIGURE 3 FIGURE 4 
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TLO27M, TLO27C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


TYPICAL CHARACTERISTICS 


DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
DIFFERENTIAL GAIN-CONTROL VOLTAGE 
400 


GAIN OPTION 1 
Ta = 25°C 


Avp-— Differential Voltage Amplification—V/V 


~200 ~100 gt os oyK 200 


VAGC — Vref— Differential 
Gain-Control Voltage—mV 


FIGURE 5 


DIFFERENTIAL VOLTAGE AMPLIFICATION 
NES 
DIFFERENTIAL GAIN-CONTROL VOLTAGE 


Ry 400 
” > 
O | 350 
. § 
o § 300 
m E 250 
= 2 200 
4 be] 
S 5 150 
pa s 
mn ’;) e 
2 100 
- 
a aD 
S 
< 0 
-— 200 - 100 0 100 200 
VAGC — Vref—Differential 
Gain-Control Voltage—mV 
FIGURE 6 
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TLO27M, TLO27C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


TYPICAL APPLICATION INFORMATION 


gain characteristics 


Figure 5 and 6 show the differential voltage amplification versus the differential gain-control voltage 
(VAGC — Vref). VAGC is the absolute voitage applied to the AGC input and Vref is the dc voltage at the 
REF OUT output. As VAGC increases with respect to Vref, the TLO27C gain changes from maximum to 
minimum. As shown in Figure 5 for example, VAGC would have to vary from approximately 180 mV less 
than Vref to approximately 180 mV greater than Vref to change the gain from maximum to minimum. 
The total signal change in VAGc is defined by the following equation. 


AVAGC = Vref + 180 mV — (Vref — 180 mV) (1) 
AVAGC = 360 mV 


However, because VAGC varies as the ac AGC signal varies and also difterentially around Vref, then VAGC 
should have an ac signal component and a dc component. To preserve the dc and thermal tracking of 
the device, this dc voltage must be generated from Vref. To apply proper bias to the AGC input, the external 
circuit used to generate VAGC must combine these two voltages. Figures 7 and 8 show two circuits that 
will perform this operation and are easy to implement. The circuits use a standard dual operational amplifier 
for AGC feedback. By providing rectification and the required feedback gain, these circuits are also complete 
AGC systems. 


circuit operation 


Amplifier A1 amplifies and inverts the rectified and filtered AGC signal voltage Vc¢ producing output voltage 
V1. Amplifier A2 is a differential amplifier that inverts V1 again and adds the scaled Vref voltage. This 
conditioning makes VAGC the sum of the signal plus the scaled Vref. As the signal voltage increases, 
VAGC increases and the gain of the TLCO27C is reduced. This maintains a constant output level. 


feedback circuit equations 


Following the AGC input signal (Figures 7 and 8) from the OUT — output through the feedback amplifiers 
to the AGC input produces the following equations. 


1. AC output to diode D1, assuming sinusoidal signals 
Vo = Vop (sin (wt)) (2) 
where: 


Vop = peak voltage of Vo 


2. Diode D1 and capacitor C1 output 


Special Functions be 


Ve = Vop — VF (3) 
where 
Ve = forward voltage drop of D1 
Vc = voltage across capacitor C1 
3. A1 output 
V1 = Re Ve (4) 
R1 
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TLO27M, TLO27C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


TYPICAL APPLICATION INFORMATION 
4. A2 output (R3 = R4) 


VAGC = Re Ve +2 jak LIE, 2 ay (5) 
R1 R5 + R6 


Amplifier A2 inverts V1 producing a positive AGC signal voltage. Therefore, the input voltage to the TLO27C 
AGC pin consists of an AGC signal equal to: 


ee (6) 


and a dc voltage derived from Vref, defined as the quiescent value of VAGC. 


R6 
V Ne af PORES RT ENTY, * 
AGC(q) AB ARG ref (7) 


For the initial resistor. calculations, Vref is assumed to be typically 1.4 V making quiescent VAGC 
approximately 1.22 V (VaGci(q) = Vref — 180 mV). This voltage allows the TLO27C to operate at 
maximum gain under no-signal and low-signal conditions. In addition, with Vref used as both internal and 
external reference, its variation from device to device automatically adjusts the overall bias and makes 
AGC operation essentially independent of the absolute value of Vref. The resistor divider needs to be 
calculated only once and is valid for the full tolerance of Vref, 


output voltage limits (see Figures 7 and 8) 
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The output voltage level desired must fall within the following limits: 


1. Because the data sheet minimum output swing is 3 V peak-to-peak using a 2-kQ load resistor, the 
user-selected design limit for the peak output swing should not exceed 1.5 V. 

2. The voltage drop of the rectifying diode determines the lower voltage limit. When a silicon diode is 
used, this voltage is approximately 0.7 V. The output voltage Vo must have sufficient amplitude to 
exceed the rectifying diode drop. A schottky diode can be used to reduce the Vo level required. 


gain calculations for a peak output voltage of 1 V 


A peak output voltage of 1 V was chosen for gain calculations because it is approximately midway between 
the limits of conditions 1 and 2 in the preceding paragraph. 


Using equation 3 (Vc = Vop — Vq), Vc is calculated as follows: 

Ve = 1V-0.7V 

Ve => 0.3 V 
Therefore, the gain of A1 must produce a voltage V1 that is equal to or greater than the total change 
in VAGC for maximum TLO27C gain change. 


With a total change in VAGc of 360 mV and using equation 4, the calculation is as follows: 


If R1 is 10 kQ, R2 is 1.2 times R1 or 12 kQ. 
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TLO27M, TLO27C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


TYPICAL APPLICATION INFORMATION 


Since the output voltage for this circuit must be between 0.85 V and 1.3 V, the component values in 
Figures 7 and 8 provide a nominal 1-V peak output limit. This limit is the best choice to allow for temperature 
variations of the diode and minimum output voltage specification. 


The circuit values in Figures 7 and 8 will produce the best results in this general application. Because of 
rectification and device input constraints, the circuit in Figure 7 will not provide attenuation and has about 
32 dB of control range. The circuit shown in Figure 8 will have approximately 25% variation in the peak 
output voltage limit due to the variation in gain of the TL592 device to device. In addition, if a lower output 
voltage is desired, the output of the TLO27C can be used for approximately 40 mV of controlled signal. 


considerations for the use of the TLO27C 


To obtain the most reliable results, RF breadboarding techinques must be used. A groundplane board should 
be used and power supplies should be bypassed with O.1-yF capacitors. Input leads and output leads should 
be as short as possible and separated from each other. 


A peak input voltage greater than 200 mV will begin to saturate the input stages of the TLO27C and, while 
the circuit is in the AGC mode, the output signal may become distorted. 


To observe the output signal of TLO27C or TL592, low-capacitance FET probes or the output voltage divider 
technique shown in Figure 7 should be used. 


1N914 R1 R2 R3 R4 
10 kO 
% TLO82 


10 kQ 10 kQ 


Special Functions oe 


0.1 pF 
0.1 pF 
VouT - 
0.1 pF 
VOUT + 
1.8 kQ 
TO 
SCOPE 
MONITOR 
200 2 
NOTES: A. Vcc+ = 6 V and Vcc-— = -—6 V for TLO27C and amplifiers A1 and A2. 


B. On the TLO27, short pin 3 to pin 12 and pin 4 to pin 11. Connect pins 6 and 9 to ground. 


FIGURE 7. TYPICAL APPLICATION CIRCUIT WITH NO ATTENUATION 
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TLO27M, TLO27C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 


TYPICAL APPLICATION INFORMATION 


1N914 R1 R2 R3 R4 
10 ko 10 ko 10 ka 


% TLO82 


VouT- 
VOUT + 
TO 
SCOPE 
MONITOR 
200 2 
NOTES: A. Vcc + = 6 V and Vcc- = -6 V for TLO27C and amplifiers A1 and A2. 


B. On TLO27, short pin 3 to pin 12 and pin 4 to pin 11. Connect pins 6 and 9 to ground. 


FIGURE 8. TYPICAL APPLICATION CIRCUIT WITH ATTENUATION 
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TLO40C 
2-CHANNEL MULTIPLEXED VIDEO AMPLIFIER 


D3002, MARCH 1986—REVISED DECEMBER 1988 


@ Designed for Use with the TLO41 Magnetic D OR N PACKAGE 
Field Pulse Detector (TOP VIEW) 
@ Wide Bandwidth... 20 MHz Typ 1IN+ (]1 Oye) 21N + 
WIN- Lj2 15) 2IN- 
Low Noise . . . Less than 8 »V Typ GAIN ADJUST 1A[]3 _14[] GAIN ADJUST 28 


Independently Adjustable Channel GAIN ADJUST 1B | j4 131] GAIN ADJUST 2A 
Gains . . . Up to 450 Typ BIAS OUTPUT L]5_— 121] VeciR) 
SELECTUS = 11L Vcc 
No Frequency Compensation Required GNb L1? 101] GND 
@ Internal Voltage Source Eliminates External ouT+ Lj8___ 9}. ouT- 
Components 


CHANNEL SELECT TABLE 


SELECT CHANNEL 


& 1 
H 2 


@ Input Channel Select Pin is Compatible with 
TTL and CMOS 


@ Low Power Dissipation .. . 150 mW Typ 


description 


The TLO40 is a two-channel multiplexed video 
amplifier designed for use with magnetic pulse 
detectors in streaming tape drives. The circuit 
design eliminates many external components, 
and the D package allows substantial reduction 
in circuit board area. The gain of each channel 
is a function of the resistance across its gain- 
adjust pins (A-B) with maximum gain occurring 
when the terminals are shorted. 


The VCC(R) pin provides supply voltage 
decoupling required by some designs. The BIAS 
OUT pin provides a voltage source for other 
circuits that is approximately equal to 1/2 Vcc. 


2] 
functional block diagram 3 
GAIN ADJUST br 
c 
a | 
LL. 
r 
VCCIR) ‘Oo 
® 
2. 
“”) 
BIAS OUT 
GND 
GAIN ADJUST 
PRODUCTION DATA documents contain information Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to i, 
specifications per the terms of Texas Instruments TEXAS 4-107 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INSTRUMENTS 
POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


| 
-Thoaoc 
2. CHANNEL MULTIPLEXED VIDEO AMPLIFIER 


a is Sg ATI a PCS BSE TSS RR OTE EMTS AR LS SLE ISD REE fT St a REE a A ls SS CS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDDIY VOHGGG, Vil (000 NOME Th ni a ko aca es 5 o's 0 8 ee Wee were! a") SOMES ea ae a 14 V 
Inibtit VONmMOOC MICE 8.20 1.2 ik ec ce es es ss ees etels «oo pee pes -0.2 Vto Vcc + 0.2 V 
Continugs om omercinemeten, 0... . . eS De er es ee ee ee pees 600 mW 
Operating free-air temperature range .......... 2.00. eee ee ee ees 0°C to 70°C 
Storade SOMOratiee CACO: fe i foes ssc) Ole Sica a + she 0 5 eapepepe te soaps eteagtos -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . ik d ee ek et aE sk eae 260°C 


NOTE 1: All voltages except differential voltages are with respect to the ground terminals. 


recommended operating conditions 


Supply voltage, Vcc 
Common-mode input voltage (diff inputs), Vic 


High-level input voltage, SELECT input, Vjy 
Low-level input voltage, SELECT input, Vi, 
Output sink current (diff outputs), Isink 
Operating free-air temperature, Ta 


electrical characteristics of selected channel at TA = 25°C, Vcc = 12 V, Rag = 0, RL = 2k (unless 
otherwise noted) 


ae 
ee 
Maximum peak-to- em. 

Sess | 
BE, FOR SE Te ESS 
Soe eee ee 1: 
Ho nn 
2s es 
72S PENNA Sa ee 
a 


a 


Supply-voltage rejection 
Vv 10.8 V to 13.2 V 
ratio (AVCC/AVio) = 3 
Broadband equivalent 
input noise voltage 
High-level input current, 
Select input 
Low-level input current, 
p Vi = 0.4 V 
Select input 
Propagation delay time 
AVo = 
{bed olat peut) 


i ieee _ _t aVo = 1V Cee | 
mA 
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TLo4oc 
2-CHANNEL MULTIPLEXED VIDEO AMPLIFIER 


PARAMETER MEASUREMENT INFORMATION 


RAB 


SELECTt Vcc 


1B 


SELECT Vcc 


OUTPUT 


FIGURE 1 


RAB SELECTt Vcc 


SELECT Vcc 
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FIGURE 2 


tSelect input must be at proper logic level to select desired input channel. 
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TLO40C 
2-CHANNEL MULTIPLEXED VIDEO AMPLIFIER 


PARAMETER MEASUREMENT INFORMATION (continued) 


SELECT Vcc 


FIGURE 3 


seLectt YCc 


Vcc/2 OUTPUT 


FIGURE 4 


tSelect input must be at proper iogic level to select desired input channel. 
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TLO40C 
2-CHANNEL MULTIPLEXED VIDEO AMPLIFIER 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
GAIN-ADJUST RESISTANCE 


Baaall NC 
CT TNT 
ie ETRE Bi 

ET 


at Bese 


Avp—Large-Signal Differential 
Voltage Amplification— V/V 


1 4a 10 40 100 400 1k 
R—Gain-Adjust Resistance —() 
FIGURE 5 
+12 V EGS 


GAIN ADJ 
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GAIN ADJ 


Special Functions 


HEAD SELECT RDP +5V WIR 


FIGURE 6. READ SIGNAL CIRCUIT FOR A STREAMING TAPE DRIVE 
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TLO41C 
TAPE READ SIGNAL CONDITIONER 


D3024, AUGUST 1987 


@ Designed for Signal Processing in DW OR NT... PACKAGE 
Streaming-Tape Memory Units in (TOP VIEW) 
Combination with TLO40 Two-Channel GCA IN+ [fr Uoal GCA IN- 
Video Amplifier 


BIAS [ }2 23| |] GADJ 
@ Space-Saving LSI Circuits Include: AGND [ ]3 22|_} GADJ 
Two High-Speed Differential Comparators Vcc1 Lj4 211} EGV 
Time-Domain Filter BDOS RC{]5 ~— 20 J EGS 
Bidirectional One-Shot Multivibrator RDP[ 6 191} GCA OUT + 
Gain-Controlled Video Amplifier with TDF RC{_}7 18|_}] GCA OUT - 
Differential Inputs and Outputs TPL je 17|_} WC IN + 
&® Amplifier and Comparator wt ho ie se as 
Bandwidth . . . 20 MHz Typical WIRE tah] RC IN+ 
@ Maximum Data Rate at Read Data Pulse RC OUT[}i2.—s 13[.] RC IN- 


(RDP)... 1.4 Mb/s Typical 


@ Available in 300-mil Dual-In-Line and ’’Small 
Outline’’ Plastic Packages 


description 


The TLO41 is a magnetic tape read signal conditioner designed for use with the TLO40 video amplifier. 
When combined, these devices amplify the low-signal output from a streaming-tape playback head and 
reconstruct the data as originally written on the tape. The TLO41C includes a gain-controlled amplifier, 
two comparators, read/write select logic, a time-domain filter, and a bidirectional one-shot multivibrator. 


The amplifier has differential inputs, differential outputs, and electronic gain control. A special feature of 
the electronic gain control is the Electronic Gain Select (EGS). When the EGS input is high, the Electronic 
Gain Voltage (EGV) input is driven low and amplifier gain is determined by the value of the resistor connected 
between the Gain Adjust (GADJ) pins. When the EGS input is low, the gain set by the resistor is increased 
by an amount determined by the voltage applied to the EGV pin. 


To accommodate different magnetic tape output signal levels, the amplifier gain may be switched by logic 
at the EGS input, controlled manually with an adjustable voltage at the EGV input, or automatically adjusted 
with an automatic gain control (AGC) circuit applying a control voltage to the EGV input. 


The comparator functions are controlled by a logic input to the Write/Read (W/R) select input. With the W/R 
input low, the read comparator output (usually connected as a zero-crossing detector) is sent to the time- 
domain filter. When W/R is high, the write comparator output is used to provide write amplitude verification 
in a typical read-after-write function. 


The time-domain filter helps to ensure the input data is valid. A capacitor in series with a resistor, connected 
to the time-domain filter pin (TDF RC), begins charging at the leading edge of an input pulse from the read 
comparator. If the input pulse does not remain high for one RC time constant, the pulse is considered invalid 
and no signal is passed to the bidirectional one-shot multivibrator (BDOS). However, if the input pulse 
remains high for longer than one RC time constant, the pulse is considered valid and the signal is passed 
through the time-domain filter to trigger the BDOS. When triggered, the BDOS provides a pulse to the 
Read Data Pulse (RDP) output. The RDP output pulse duration is determined by a resistor-capacitor network 
connected to the BDOS RC pin. 


The TLO41C is characterized for operation from O°C to 70°C. 
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TLO41C 
TAPE READ SIGNAL CONDITIONER 


functional block diagram 


(4) 
Vcec1 
GCA WC WC wc TDF 
OUT+ IN- IN+ OUT WIR RC TP 
(2) (19)] (16)] (17) (15)} (11) (7) (8) 
BIAS 


EGS 
COMPARATOR TIME-DOMAIN FILTER 

EGV READ | 

GCA (1) COMPARATOR | 

IN + | 

GCA (24) 

IN - ; 4 
GADJ ‘ 
GADJ —~GiIN-CONTROLLED | 

AMPLIFIER | 
. BIDIRECTIONAL ONE SHOT ) 
(3) (18)| (14)} (13) (12) (10) (5) (6) 
AGND GCA “RC RC RC DGND BDos RDP 
OUT- IN+ IN- OUT rte 


FUNCTION TABLE 


INPUT CONDITONS 
DIFFERENTIAL INPUTS 1/0 NAME 1/0 CONDITION 
WRITE OR READ COMPARATOR 
RC IN+ > RC IN- H 
RC IN— > RC IN+ L 
Input to time-domain filter 

WC IN+ > WC IN- H 

WC IN- > WC IN+ L 


Input to time-domain filter 
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TLO41C 
TAPE READ SIGNAL CONDITIONER 


DESCRIPTION 


Analog ground 


AGND 


BDOS RC 5 Bidirectional one-shot resistor and capacitor 
BIAS 2 | Output bias voltage 

DGND 10 | Digital ground 

EGS 20 | Electronic gain select 

EGV 21 Electronic gain voltage 

GCA IN- 24 Gain-controlled amplifier, inverting input 


GCA IN+ 
GADJ 22 
GADJ 23 
GCA OUT- 18 
GCA OUT+ 19 
RC IN- 
RC IN+ 14 
RC OUT 


Gain-controlled amplifier, noninverting input 


Gain adjust 

Gain adjust 

Gain-controlled amplifier, inverting output 
Gain-controlled amplifier, noninverting output 
Read comparator, inverting input 


Read comparator, noninverting input 
Read comparator out 


RDP 6 Read data pulse 

TDF RC 7 Time-domain filter resistor and capacitor 
TP 8 | Test point 

Vcc 4 | Analog collector supply voltage 

Vcc2 9 | Digital collector supply voltage 

WC IN- 16 | Write comparator, inverting input 

WC IN+ 17 Write comparator, noninverting input 


WC OUT 15 
W/R 


Write comparator out 
Write/read 
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TLO41C 
TAPE READ SIGNAL CONDITIONER 


EE AE SELASSIE ES | IS, SSL, POSES SSE LE AS TE ES STS ERS SR SS SS ES, 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supoly valnoe-“ Vort ieee nee tl 3. Sa ee ee he oe Le Se dee os ee eee 14 V 
Sin, go ea ee LS Ee BE ete rl, [RR oes emis ee AB 7V 

Input voltage range: Amplifier and comparators................ AGND -—0.2 V to Vcc1+0.2 V 
Muitivibrators @nd logic... i 8s oi i ce AGND -—0.2 V to Vcc2+0.2 V 

Input current: EGV (see Note 2) ........... See er ae meee es ot ere t +2 mA 
OPE ALSO CORI roo 9k 5s ag sei pacts aoe gt aan te ogee gis 8 lee See Dissipation Rating Table 
Operating free-air temperature range... . 6k ian cece bs ce owt wie rte ie ee ew eee O°C 16: 707°G 
eT oe DAC. Se ape a aS ee nee a ie Rn RoR Ne 7 mPa eS —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds................++. 260°C 


NOTES: 1. All voltages except differential voltages are with respect to network ground terminals (AGND and DGND tied together). 
2. Driving EGV high from a low-impedance source (> +2 mA capability) with EGS high can result in damage to the device. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING FACTOR Ta = 70°C 
POWER RATING ABOVE Ta = 25°C POWER RATING 


PACKAGE 


DW 1350 mW 10.8 mW/°C 864 mW/°C 
NT 1700 mW 13.6 mW/°C 1088 mW/°C 


recommended operating conditions 


Supply voltage, Vcc1 
Supply voltage, Vcc2 


Input voltage, V| 


Common-mode input voltage to gain-control amplifier, Vic 
WC OUT, RC OUT, 
TP, or RDP 


Operating free-air temperature, Ta 0 


NOTE 3: Some high resistance and capacitance combinations may produce abnormal output waveforms. 
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a —- TLoat¢ 
TAPE READ SIGNAL CONDITIONER 


electrical characteristics at VCC1 = 12 V, VCC2 = 5 V. VIC(GIC) = Vbias. RADY = 5 kQ, EGS at 
high level, EGV at OV, fj, = 500, RL = 2 kQ, Ta = 25°C (unless otherwise noted) 


gain-controlled amplifier 


[Voo Output offset vorage «| 1 ~~ Vp=0, ~~~ -Vop=Vo | 0.05 0.78] V__ 

output voltage 

Vip = 20 mV, EGS high 8 14 20 V/V 

Kae Large-signal i eal a Vid = 20 mV, reeves | a 

voltage amplification EGS low, V/V 
PEMAR __Common-mode rejection ratio | 2 | Vic=2Vt5vV.——~—=«d(Y~ eo OS~dYsCi 
Vici? Seemmonenote weit wings 2 Ju) > 
[Voc ___Common-mode output voltage | 1 |Vp=0 ~~~—~S~C~'Y:«CS SCY CC 
ig Meiatiot cent te, ip ae Oe pA 
ligt Owieeinwt Oe Ps ee Oe ee ike 
lig Input bias current ———=«d| 1 _—| (iy + p12 
| Voipias) Bias output voltage | is eS RE Te 
[zo(BIAS) Bias output impedance | MEE eB 
. 3 eee siehaeas 2 ome BA 
|BW Bandwidth (-34B) | 3 | aR sti Ges MME] 
"ksva Supply voltage rejection ratio | 4 | Voc = 10.8Vto13.2V ae 
ricci Supply current from Veer |__| Vec1 = 13.2, No signal | —-32~—48 | -mA_| 


MIN TYP MAX 


auf 3.5 


NO 
~ 
bs 


Special Functions 


io) 


l 

pp]! 
ONIN 
o};oO 
ps 


NO 
NO 


logic section 
TEST 
PARAMETER FIGURE TEST CONDITIONS 
V = 4.5 V, Vip = 0.1 V, 
VOH High-level output voltage cies foe ian ok ID 
a 2 B 
V = 4.5 V, Vip = 0.1 V, 
VoL Low-level output voltage eee pe a as 260 500 
Common-mode input voltage, 
VICR 
comparators 
EGS V =2.7V 120 200 
lH ~—- High-level input current io aie KEGS pA 
wel} ss | Vwi) = 2-7-V 
: EGS} = |  VWyeGs) = 0.4 V 
Ne Low-level input current = 
wR} | Vw) = 0.4 
Icc2 Supply current from Vcc2 Sees: Vec2 = 5.5 V, No signal 31 
[Response time ———=—S~dCSC<C*~S~*~rYSC*«i OV step, SV VEIVG 
Pulse duration of one-shots ae Rext = 5 kQ, Cext = 100 pF 360 


Cext = 33 pF 460 


t 
Ww (TP, RDP) Rext = 20 kQ, 
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TLO41C 
TAPE READ SIGNAL CONDITIONER 


PARAMETER MEASUREMENT INFORMATION 


BIAS (PIN 2) 


0.2 


0.2 


Voo = Vop with Vip = 0 
Vopp = Vop with Vip = 1V 


Ayo = = with Vip = 20 mv nell 
Voc = “28+ * Woe- with Vip = 0 = 
FIGURE 1 FIGURE 2 
BIAS (PIN 2) 
BIAS (PIN 2) 
FIGURE 3 FIGURE 4 
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pF 


pF 
kQ 1 kQ 


TLO41C 
TAPE READ SIGNAL CONDITIONER 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 


READ DATA PULSE DURATION VOLTAGE AMPLIFICATION 
vs 
CAPACITANCE 


vs 
ELECTRONIC GAIN VOLTAGE 
120 
Vcci = 12 V 
Ta = 25°C 
100 


Bauer 
ott ap 
a 


feeeaee a: 
is ae oe ra 
geen ae 


Data Read Pulse Duration— js 


0 
1 4 10 40 100 400 1000 Roe eT ee 


Avp-—Large-Signal Differential Voltage Amplification—V/V 
2) 
° 


Capacitance — pF Vi(EGV) — Electronic Gain Voltage—V 


FIGURE 5 FIGURE 6 


TYPICAL APPLICATION DATA 


+12V EGS 


GAIN ADJ 


Special Functions a 


x 
oO 
oO 
> 

— 
> 
° 
7) 
< 
ca) 


GAIN ADJ 


HEAD SELECT RDP +5V WR 


FIGURE 7. READ SIGNAL CIRCUIT FOR A STREAMING TAPE DRIVE 
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TL170€ 
SILICON HALL-EFFECT SWITCH 


D2408, DECEMBER 1977, REVISED APRIL 1988 


@® Magnetic-Field Sensing Hall-Effect Input 
LP PACKAGE 
® On-Off Hysteresis (TOP VIEW) 
@ Small Size 
@ Solid-State Technology Vcc 
®@ Open-Collector Output GROUND 
OUTPUT 
description 


The TL170C is a low-cost magnetically operated 102.19m (0.040 in} os 
electronic switch that utilizes the Hall Effect to a idl 

sense steady-state magnetic fields. Each circuit 
consists of a Hall-Effect sensor, signal 
conditioning and hysteresis functions, and an FUNCTION TABLE (Ta = 25°C) 
output transistor integrated into a monolithic 


chip. The outputs of these circuits can be directly FLUX DENSITY OUTPUT 


connected to many different types of electronic < -25 mT Off 
components. -25 mt < B < 25 mT Undefined 
= 25 mT On 


CHIP FACE 


The TL170C is characterized for operation over 
the temperature range of O°C to 70°C. 


functional block diagram 


Vcc V+ 


a ee ae eT line i; (5 | aobhercnes meiner wes bandon mera; 7k 
RTL 
MOS 
TRANSISTORS 
OUTPUT | SCR’S 
TRIACS 
RELAYS 


SILICON 
HALL-EFFECT 


SIGNAL 
CONDITIONING 


| 
| 
SENSOR AND HYSTERESIS | pa 
2 
| = 
| E 
SoA pA ES. A (ON Raich Rtn: Be ears, CREE? ULI. BRU RaNgeen oF Soe J [— 
= GROUND UL. 
— 
‘ . ‘ F : CO 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ) 
a. 
Stil VORA. MCX Wie ye ana: 5 ko, ca eR Fon oe wo sine eR OE so eee 4 ae 6 oem 7V QV 
ET Ha SR Ang ke ean eer Ae eK Poa Meh arent ik rte ae ee ee em Orie 30 V 
Cea Ere IEP eINe See SOR a he Fo Pe L EU UIeRCy Cv ree Bers Gitte W Vira eae OM Oe MOREE Ls WON pope acd 20 mA 
Onerating frae<ai ternioer ature TANGO 5 6c ee ee eee ees we kee te Res O°C to 70°C 
SUGGS SOCCER CO G6 ick ok Nh ts a aids SA Ras ak 4 A Prac SiR —- 65°C to 150°C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds...............0-0 eee 260°C 
Magnetic Tux density 3 27.26 09 Saas A CSE ite ee oe Ped be kk ee ale unlimited 
NOTE 1. Voltage values are with respect to network ground terminal. 
PRODUCTION DATA documents contain information ‘ Copyright © 1979, Texas Instruments Incorporated 
current as of publication date. Products conform to a 
sloeard sea Teste: Fionentiin prasessing daa set TEXAS 4-121 
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TL170C 
SILICON HALL-EFFECT SWITCH 


electrical characteristics at specified free-air temperature, Vcc = 5 V + 5% (unless otherwise noted) 


UNIT 

eee | 

magnetic flux density? 0°C to 70°C 

Lo <--<aal ee 

Ee magnetic flux density t 0°C to 70°C 
Raee eet See 


eal 
Een 
RS to ees eee Soe 
ee 
umn ae 
a | 


IOH High-level output current VOH = 20 V 0°C to 70°C 
VOL Low-level output voltage Vcc = 4.75 V, lot = 16 mA} O°C to 70°C 


Output low 
| Supply current V = §.25 V | Output low _| 0°C to 70°C 
2 Sine = Output high 


TThreshold values are those levels of magnetic flux denisity at which the output changes state. For the TL170C, a level more positive 
than By + causes the output to go to a low level and a level more negative than By _ causes the output to go to a high level. See Figures 1 
and 2. 

+The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square 
meter. Values expressed in milliteslas may be converted to gauss by multiplying by ten. 

8The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux-density threshold 


levels only. 
+B N 
The north pole of a magnet is the pole S 
that is attracted by the geographical —B S 
north pole. The north pole of a magnet N 
repels the north-seeking pole of a 
compass. By accepted magnetic 
convention, lines of flux emanate from 
the north pole of a magnet and enter the 
south pole. 
FIGURE 1. DEFINITION OF MAGNETIC FLUX POLARITY 
” 
5°) 
@ 
Q, 
2. 
Ti 
c 
> 
© 
= 
% 
7) B (mT) B (mT) B (mT) 
The positive-going threshold (By + ) may be a negative or positive B level at which a positive- 
going (decreasing negative or increasing positive) flux density results in the TL170 output 
turn-on. The negative-going threshold is a positive or negative B level at which a negative- 
going (decreasing positive or increasing negative) flux density results in the TL170 turning off. 
FIGURE 2. REPRESENTATIVE CURVES OF Vo vs B 
Texas W 
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Magnetic-Field Sensing Hall-Effect Input 
On-Off Hysteresis 

Small Size 

Solid-State Technology 

Open-Collector Output 

Normally Off Switch 


description 


The TL172C is a low-cost magnetically operated 
normally off electronic switch that utilizes the 
Hall Effect to sense the presence of a magnetic 
field. Each circuit consists of a Hall-Effect 
sensor, signal conditioning and hysteresis 
functions, and an output transistor integrated 
into a monolithic chip. A magnetic field of 
sufficient strength in the positive direction will 
cause the TL172C output to be in a low- 
impedance state. Otherwise, the output will 
present a high impedance. The output of this 
circuitry connected to many different types of 
electronic components. 


The TL172C is characterized for operation over 
the temperature range of O°C to 70°C. 


functional block diagram 


Vcc 


SILICON 
HALL-EFFECT 
SENSOR 


SIGNAL 
CONDITIONING 
AND HYSTERESIS 


Rf Sook ceaengee seme 


= GROUND 


TL172€ 


LP PACKAGE 
(TOP VIEW) 


Vcc 


GROUND 
OUTPUT 


1,02 mm (0.040 in) bye 


0,76 mm (0.030 in) 
CHIP FACE 


FUNCTION TABLE 


FLUX DENSITY OUTPUT 


<= 10 mT Off 
Undefined 


10 mT < B < 60 mT 
=> 60 mT On 


TTL 

RTL 

MOS 
TRANSISTORS 
SCR’'S 

TRIACS 
RELAYS 


OUTPUT 


D2490, AUGUST 1977—REVISED APRIL 1988 


NORMALLY OFF SILICON HALL-EFFECT SWITCH 


” 
c 
S 
va) 
Oo 
= 
= 
LL. 
i 
Oo 
@® 
2. 
~” 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TL172¢ as 
NORMALLY OFF SILICON HALL-EFFECT SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


saipply. Voltage, Vere (een Note F) ie pede gk ow va Falke ee anes SE ee es 7V 
Cet VO BOG peter hoe oie ws oe ee no Ve dg eo 0. RARE dd oe ace aa 30 V 
eat CUNO bt ee ce on bas A RE a ds hls PE es See Sees 20 mA 
Goerating free-ait temperature range. 5... . cs ew ce ee bse kw aces voce epRed eee as O°E:to 70°C 
ERG A TGS 1 i, sas Sot ckucs. Oe ww Re ee is ve ees Sd ee ee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..............22000 0s 260°C 
Deets rae CENTOS oe on eds is vs Bei Sos ee ie ®. oy ale ane ese ee ee unlimited 


NOTE 1: Voltage values are with respect to network ground terminal. 


electrical characteristics over rated operating free-air temperature range, VCC = 5 V + 5% (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Threshold of itive-goi 
fie: res ° of posi De oT mTt 
magnetic flux density 
= be al of ee mTt 
magnetic flux density 


Br4 —Br- _ Hysteresis 


VOL Low-level output voltage Vcc = 4.75 V, Io, = 16mA 
Icc Supply current Vcc = 5.25 V 


TThreshold values are those levels of magnetic flux density at which the output changes state. For the TL172C, a level more positive 
than BT + causes the output to go to a low level, and a level more negative than By _ causes the output to go to a high level. See Figures 
1 and 2. 

+The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square 
meter. Values expressed in milliteslas may be converted to gauss by multiplying by ten. 


+B 
Ss 

B ys 
N 


The north pole of a magnet is the pole 


that is attracted by the geographical 0 10 B(mT) 60 
north pole. The north pole of a magnet 
repels the north-seeking pole of a FIGURE 2. REPRESENTATIVE CURVE OF Vo vs B 


compass. By accepted magnetic 
convention, lines of flux amanate from 
the north pole of a magnet and enter the 
south pole. 


FIGURE 1. DEFINITION OF 
MAGNETIC FLUX POLARITY 
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TL1731, TL173C 
LINEAR HALL-ELLECT SENSORS 


D2526, MARCH 1979—REVISED APRIL 1988 


Output Voltage Linear with Applied 
Magnetic Field 


@ Sensitivity Constant Over Wide Operating 
Temperature Range 


LP PACKAGE 
TOP VIEW 


Vcc 


@ Solid-State Technology GROUND 


@ Three-Terminal Device OUTPUT 


e Senses Static or Dynamic Magnetic Fields 


1,02 mm (0.040 in) a 


description 0,76 mm (0.030 in) 


CHIP FACE 
The TL173I and TL173C are low-cost magnetic- 
field sensors designed to provide a linear output 
voltage proportional to the magnetic field they 
sense. These monolothic circuits incorporate a Hall element as the primary sensor along with a voltage 
reference and a precision amplifier. Temperature stabilization and internal trimming circuitry yield a device 
that features high overall sensitivity accuracy with less then 5% error over its operating temperature range. 


The TL1731 is characterized for operation from —20°C to 85°C. The TL173C is characterized for operation from 
0°C to 70°C. 


functional block diagram 


Vcc 


VOLTAGE 
REGULATOR 


SILICON 
HALL-EFFECT 
SENSOR 


OUTPUT 


GND 


Special Functions & 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supriy vouaoe, VOC (G60 MONT) © i. eae ee ce ey ad 2 6 Riel O RM A MOROORS sie sSrkaIOlw ws 25 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)............ 775 mW 
Operating free-air temperature range: TL173] .. 1... ce ee ee ee eee —20°C to 85°C 
ie ey Se are in oad Bae AC A EE NES Bek ng 0°C to 70°C 
Storage temperatwse (TANGO 2.2 ee ees was ote ENEMA AMY eH TRA —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 secondS ...... 6... eee eect eee 260°C 
ate CP.) es ee ean ni es A OE Ke ee ee we 8S ae unlimited 
NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 6.2 mW/°C. 
PRODUCTION DATA documents contain information Copyright © 1979, Texas Instruments Incorporated 
current as of publication date. Products conform to a 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
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TL1731, TL173C 
LINEAR HALL-EFFECT SENSORS 


recommended operating conditions 


12 43.2 Pi View| 
+50 £50°{.-- mT | 
SES 


V 
mT 
meer |. 
ee 22) Ga Bae . 
=f 
V 


Operating free-air temperature, Tp —20 85 


electrical characteristics over full range of recommended operating conditions (unless otherwise 
noted) | 


_anaweten «dS SS~*ST ST CONDITIONS [maT wax | ONT 
[Wo Ouiputvetage———SSSSCS~S~*i = AMATO mA es 
"ksvs_ Supply votage senstviy (aVig/aVGg)__|8 = omr8 Ta = 250 
as 18 
Figg Supply curent «BOs io = 0 
imax Mavimam operating hequency SSCS «dS 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ Typical values are at Voc = 12 Vand Ta = 25°C. 

§ The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter. 
Values expressed in milliteslas may be converted to gauss by multiplying by ten, e.g., 50 millitesla = 500 gauss. 


OUTPUT VOLTAGE 
vs 
MAGNETIC FLUX DENSITY 


See ae 
was 


+B TYPICAL 
N 
S > 
% Ss 
® 
® 4g £ 
Q. k 
= - 
a. 
nl E 
ow .) 
— | 
© co) 
a The north pole of a magnet is the pole > 
© that is attracted by the geographical 
= north pole. The north pole of a magnet 
” repels the north-seeking pole of a 
compass. By accepted magnetic 5 
convention, lines of flux emanate from _50 —40 —30-20-10 0 10 20 30 40 50 
the north pole of a magnet and enter the 
south pole. B — Magnetic Flux Density — mT 
FIGURE 1. DEFINITION OF MAGNETIC FIGURE 2 
FLUX POLARITY 
T %% 
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TL173l, TL173C 
LINEAR HALL-EFFECT SENSORS 


TYPICAL APPLICATION DATA 


The circuit in Figure 3 may be used to set the output voltage at zero field strength to exactly 6 V (using R1), and to 
set the sensitivity to exactly —15 V/T (using R2), as depicted in Figure 4. 


COMPENSATED OUTPUT VOLTAGE 
vs 
MAGNETIC FLUX DENSITY 


Bee 
| PRC TTT ee 
| EN 
ae cs 


Compensated Output Voltage — V 


5 
—50—40 —30-20-10 0 10 20 30 40 50 


= B — Magnetic Flux Density — mT 


FIGURE 3. COMPENSATION CIRCUIT FIGURE 4 


Special Functions . 


RERUN SRP NTIS aE AL EBS ACPA ORD URL GATT SEN TALS RES WARE” Ve LAAT LP I LS, SEN PET EL IG TETRIS TE IE BLE EE SON TT, SESE MEH SLODES ME SANS EG DIT 
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Special Functions 


4-128 


Excellent Dynamic Range 
Wide Bandwidth 

Built-in Temperature Compensation 

Log Linearity (30 dB Sections) . . . 1 dB Typ 
Wide Input Voltage Range 


description 


This monolithic amplifier circuit contains four 
30-dB logarithmic stages. Gain in each stage is 
such that the output of each stage is proportional 
to the logarithm of the input voltage over the 
30-dB input voltage range. Each half of the 
circuit contains two of these 30-dB stages 
summed together in one differential output that 
is proportional to the sum of the logarithms of 
the input voltages of the two stages. The four 
stages may be interconnected to obtain a 
theoretical input voltage range of 120 dB. In 
practice, this permits the input voltage range to 
be typically greater than 80 dB with log linearity 
of + 0.5 dB (see application data). Bandwidth 
is from dc to 40 MHz. 


This circuit is useful in military weapons 
systems, broadband radar, and infrared 
reconnaissance systems. It serves for data 
compression and analog compensation. This 
logarithmic amplifier is used in log IF circuitry as 
well as video and log amplifiers. The TL441AM 
is characterized for operation over the full 


TL441AM 
LOGARITHMIC AMPLIFIER 


D956, JUNE 1976—REVISED FEBRUARY 1989 


J PACKAGE 
(TOP VIEW) 


Vcc - 15] COMP B2 
COMP A2’ 141] COMP B2’ 
INPUT A1 L]4 13} GND 
OUTPUT Y L]5 ~— 12] INPUT B1 
OUTPUT YL]6é 111] OUTPUT Z 
INPUT A2L]7. = 10. ] OUTPUT Z 
Vec+ Ls 9|.] INPUT B2 
FK PACKAGE 


(TOP VIEW) 


NC—No internal connection 


functional block diagram (one half) 


military temperature range of —55°C to 125°C. ps 
Al Oo 
(B1) het 
©) 
= 
ri 
Y (Z) 
4°) 
Ca2 ro 
(Cg2) * 
A2 ee 5 S. 
(B2) ¥ {6} 7p) 
Ca2’ 
(Cpg2’) 
Y « log Al + log A2; Z « log B1 + log B2 
where: A1, A2, B1, and B2 are in dBV, 0 dBV = 1 V. 
Caz. Caz’, Cg2, and Cg’ are detector compensation inputs. 
PRODUCTION DATA documents contain information Copyright © 1976, Texas Instruments Incorporated 
a - of swogrrars date. Heme —- to i 
ifications the terms of Texas Instruments 
candard wei . Production processing does not EXAS 4-129 
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TL441AM 
LOGARITHMIC AMPLIFIER 


schematic 
(8) 
Vcc+ 

OUTPUT Y is) (10) OUTPUT Z 
11 

output Y—2 it OUTPUT Z 
9 

INPUT A2 (7) (9) INPUT B2 


(4) eee (12) 
INPUT A1 Pete cgukeal mone Re INPUT B1 


COMP ae (3) fpf mer (14) eras B2’ 
COMP a2 = 5) comp B2 
(2) 

Vece 


Pin numbers shown are for the J package. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SESE Nite CSUN URED POM oes Gg co xc 002 ube RR iene Ie» ck #3 a ea ee ee a ea ee 8 V 

Oy aR 8 So ee a a ee eee a ee So -8V 
Witt VOHSOO (SOG Rett). nis so 6 cen acs oo epee les Coe See eS Pee ae 2 ate ee 6V 
Output ‘sink current:{aGyv'one output) ..........9 84. 8). Sse ae Pee 30 mA 
Carn OUS TOBE CORON ic) ck cet oc ee ote ee eT oe ee. See Dissipation Rating Table 
Operating free-eir temperature range ......... 5° SU ee rea aes — 55°C to 125°C 
DItaOe TGNWOrntre 1ONOE hc 5, pase ss op ee ees Pee eee eee ~65°C to’ 150°C 
Case temperature for 60 seconds: FK package. . 600). 22 oP eS I Pee ee: 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


NOTE: 1. All voltages, except differential output voltages, are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


Ta =< 25°C DERATING DERATE Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Tg POWERRATING POWER RATING 


PACKAGE 


FK 500 mW 11.0 mW/°C 104°C 500 mW 275 mW 
J 500 mW 11.0 mW/°C 104°C 500 mW 275 mW 


recommended operating conditions 


ere Gee seh LL Rea eee 
Peak-to-peak input voltage for each 30-dB stage io Rae Se Se 
Operating free-air temperature, Ta 2 Sees 2 ee eS 
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TL441AM 
LOGARITHMIC AMPLIFIER 


electrical characteristics, VCC + = 6 V, VCC-—- = -6V, Ta = 25°C 


TEST 
PARAMETER 
eee Gee wae eS eee eee 


Differential output atingtivaitage ee ee 
Gusscmntoupveligs pe 
DC scale factor (differential output), each 3-dB stage, —35 dBV to —5 dBV ee a 
TAG scale factor (differential output) CSCSCSC~‘“~‘“C*~*‘é~*SCSC~*d 
DC error at - 20 dBV (midpoint of -35 dBVto -5dBVrange) |S 
RESUS SIS ae Ae eas Mleimaneee Nees A Ee 
| 

ae 

ce 

me 

ae 


electrical characteristics over operating free-air temperature range, VCC + = 6 V. 
Vcc— = -—6 V (unless otherwise noted) 


Differential output offset voltage 
DC scale factor (differential output) each 30-dB stage, —35 dBV to —5 dBV 


DC error at —20 dBV (midpoint of —35 dBV to —5 dBV range) Ta = 125°C 


Supply current from Vcc + 
Supply current from Vcc — 
Power dissipation 


PARAMETER MEASUREMENT INFORMATION 


Vec+ Yoc- loc + 
+ 


Ca2 Ca2' Veco+Vec-— Ca2 Ca2’' Voc+ Yec- 


Y Al 


Y A2 


Cg2 Cp2° GND 


Pp = Vcoc+ °.lcc+ + Yec- * 


Vo 
icc= 


FIGURE 1 FIGURE 2 


Special Functions 
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TL441AM 
LOGARITHMIC AMPLIFIER 


PARAMETER MEASUREMENT INFORMATION 


Vcc+ Vcec- 


Ca2' Voc+ Voc- 
Y 


Y 


DC 
POWER 
SUPPLY 


[Vout(560 mV) — Vout(18 mv)! mV 


Scale Factor = 
caie Factor 30 dB 


|Vout(100 mv) —9-5 Vout(560 mv) —9-5 Vout(18 mv)! 
Scale Factor 


FIGURE 3 


Error = 


Yoo. Yor. 


C Ca2 Ca2’ Voc+ Vec- 1000 pF 


Al 


A2 
TEKTRONIX 
B1 SAMPLING SCOPE 
WITH DIGITAL 
READOUT OR 


B2 z EQUIVALENT 


Cp2 Cp2’ GND 


2s eb 
OmvV 
PULSE 


GENERATOR 
50 2 


igi 
NOTES: A. The input pulse has the following characteristics: 
tw = 200 ns, tps2 ns, ts<s2 ns, PRR = 10 MHz. 
B. Capacitor Cj; consists of three capacitors in 
parallel: 1 uF, 0.1 wF, and 0.01 uF. 
C. Cy includes probe and jig capacitance. 


FIGURE 4 
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Differential Output Offset Voltage—mV 


D-C Scale Factor (Differential Output)—mV/dBV 


TL441AM 
LOGARITHMIC AMPLIFIER 


TYPICAL CHARACTERISTICS 


DIFFERENTIAL OUTPUT OFFSET VOLTAGE QUIESCENT OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
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Ta—Free-Air Temperature— C TA—Free-Air Temperature—C 
FIGURE 5 FIGURE 6 
DC SCALE FACTOR DC ERROR 
VS vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


D-C Error at Midpoint of 30-dBV Range—dBV 


See Figure 3 
0 
—75 -—50 -25 0 eo So 76 "406° 125 -75 -50 -25 0 25 50 75 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature— C 
FIGURE 7 FIGURE 8 
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TYPICAL CHARACTERISTICS 


OUTPUT RISE TIME 
vs 
LOAD CAPACITANCE 


t,—Output Rise Time—ns 


0 S 10 15 20 25 30 
C,._—Load Capacitance- pF 


FIGURE 9 


POWER DISSIPATION 
vs 
FREE-AIR TEMPERATURE 
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Power Dissipation—mW 
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FIGURE 10 
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TL441AM 
LOGARITHMIC AMPLIFIER 


TYPICAL APPLICATION DATA 


Although designed for high-performance 
applications such as broadband radar infrared 
detection and weapons systems, this device has 
a wide range of applications in data compression 
and analog computation. 


basic logarithmic function 


The basic logarithmic response is derived from 
the exponential current-voltage relationship of 
collector current and base-emitter voltage. This 
relationship is given in the equation: 


me VpeE = In [(lc + IceEs)/ICES] 


where: 
ic = collector current 
ICES = collector current at VBE = O 
m = q/kT (in V~-1) 
VBE = base-emitter voltage 


The differential input amplifier allows dual- 
polarity inputs, is self-compensating for 
temperature variations, and is relatively 
insensitive to common-mode noise. 


functional block diagram 


FIGURE 11 


logarithmic sections 


As can be seen from the schematic, there are 
eight differential pairs. Each pair is a 15-dB log 
subsection, and each input feeds two pairs for 
a range of 30-dB per stage. 


4 
TEXAS 
INSTRUMENTS 


Four compensation points are made available to 
allow slight variations in the gain (slope) of the 
two individual 15-dB stages of input A2 and B2. 
By slightly changing the voltage on any of the 
compensation pins from its quiescent value, the 
gain of that particular 15-dB stage can be 
adjusted to match the other 15-dB stage in the 
pair. The compensation pins may also be used 
to match the transfer characteristics of input A2 
to Ail or B2 to B1. 


The log stages in each half of the circuit are 
summed by directly connecting their collectors 
together and summing through a common-base 
output stage. The two sets of output collectors 
are used to give two log outputs, Y and Y (or Z 
and Z) which are equal in amplitude but opposite 
in polarity. This increases the versatility of the 
device. 


By proper choice of external connections, linear 
amplification, linear attentuation, and many 
different applications requiring logarithmic signal 
processing are possible. 


input levels 


The recommended input voltage range of any 
one stage is given as 0.01 V to 1 V. Input levels 
in excess of 1 V may result in a distorted output. 
When several log sections are summed together, 
the distorted area of one section overlaps with 
the next section and the resulting distortion is 
insignificant. However, there is a limit to the 
amount of overdrive that may be applied. As the 
input drive reaches +3.5 V, saturation occurs, 
clamping the collector-summing line and 
severely distorting the output. Therefore, the 
signal to any input must be limited to 
approximately +3 V to ensure a clean output. 


output levels 


Differential-output-voltage levels are low, 
generally less than 0.6 V. As demonstrated in 
Figure 12, the output swing and the slope of the 
output response can be adjusted by varying the 
gain by means of the slope control. The 
coordinate origin may also be adjusted by 
positioning the offset of the output buffer. 
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LOGARITHMIC AMPLIFIER 


TYPICAL APPLICATION DATA 
circuits 
Figures 12 through 19 show typical circuits using this logarithmic amplifier. Operational amplifiers not 
otherwise designated are TLC271. For operation at higher frequencies, the TL592 is recommended instead 
of the TLC271. 


TYPICAL TRANSFER 
CHARACTERISTICS 


a a a a 
ae 


ADJUSTED FOR el 


SLOPE AND OFFSET 


Output Voltage—V 


Bil 
ee Tia tt aK 
HA Ht SH | 
V4 ADJUSTED FOR MINIMUM | 
SLOPE WITH ZERO OFFSET 


10-4 10-3 10-2. 10-1 1 101 
Input Voltage-— V 


7) 
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©, 
ay 
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© 
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rs) 
Fs 
FIGURE 12. OUTPUT SLOPE AND ORIGIN ADJUSTMENT 
TEXAS ai 
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TYPICAL APPLICATION DATA 


TRANSFER CHARACTERISTICS 
OF TWO TYPICAL INPUT STAGES 


CUTIE LAM LTT TT 
CUTIE LAM LTT nt 
CEN LIM EAA CT 
CUM UTM aati 
en-au a 
CUI AC UIT A 
CHT 
LI 


0 
0.001 0.01 


0.4 


0.3 


0.2 


Output Voltage—V 


0.1 


Input ae 


2 kQ, 1% 2 kQ, 
” 
Cc 
2 
ped 
O 
c 
=~ 
te 
FIGURE 13. UTILIZATION OF SEPARATE STAGES “si 
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TYPICAL APPLICATION DATA 


TRANSFER CHARACTERISTICS 
WITH BOTH SIDES PARALLELED 


CAM Uh | 
CU ATT 
CUMIN LIAL TU 
SEAN VA TUT HT 
CLAIM VA TUT HT 
LiL 


——— on oe 
0.001 0.01 
Input SS 


0.2 


Output Voltage—V 


2 kQ, 1% 2k2Q, 1% 


FIGURE 14. UTILIZATION OF PARALLELED INPUTS 
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Output Voltage—V 


TYPICAL APPLICATION DATA 


TRANSFER CHARACTERISTICS 


ea a a 
ee a a a 
HN (HN 
a a a 
CM re 


All TINE TET Ti 
oll 
4 —1 


10-3 10-2 10 
Input Voltage—V 


01 


NOTES: A. Inputs are limited by reducing the supply voltages for the input amplifiers to +4 V. 


B. The gains of the input amplifiers are adjusted to achieve smooth transistions. 


TL441AM 
LOGARITHMIC AMPLIFIER 


OUTPUT 


Figure 15. LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dB 
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TL441AM 
LOGARITHMIC AMPLIFIER 


TYPICAL APPLICATION DATA 


OUTPUT W 
(See Note B) 


NOTES: A. Connections shown are for multiplication. For division, Z and z connections are reversed. 
B. Output W may need to be amplified to give actual product or quotient of A and B. 
C. R designates resistors of equal value, typically 2 k{2 to 10 kQ. 


Multiplication: W = A+. B > log W = log A + log B, or W = allogg A + logg B) 


Division: W = A/B > log W = log A — log B, or W = alloga A + ogg B) 


FIGURE 16. MULTIPLICATION OR DIVISION 


INPUT OUTPUT 


NOTE: R designates resistors of equal value, typically 2 k2 to 10 kQ. The power to which the input variable is raised is fixed by setting 
nR. Output W may need to be amplified to give the correct value. 
Exponential: W = A = log W = nlogA, or W = al? logg A) 


FIGURE 17. RAISING A VARIABLE TO A FIXED POWER 
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TL441AM 
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TYPICAL APPLICATION DATA 


NOTE: Adjust the slope to correspond to the base ’’a’’. 
Exponential to any base: W = a 


FIGURE 18. RAISING A FIXED NUMBER TO A VARIABLE POWER 


INPUT OUTPUT 
TL592 ie: 0.2 uF 
a 1kO S1KQ 
50 0¢$ 50 2 Gain Adj. 
= Mis tit = = 
7 x for 30 dB “> e = 
BI 
INPUT OUTPUT 
2 2 
B2 
TL592 ee. 0.2 pF 
; j. 1k2 21k2 
50 22 50 2 Gain Adj. 
= 400 0 
= = ae ee = => = 


Vec- 


FIGURE 19. DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-dB INPUT RANGE 
PER CHANNEL AT 10 MHz 
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TL592, TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


D2668, NOVEMBER 1983—REVISED MAY 1988 


8-Pin Version of NE592. . . Saves Printed D OR P PACKAGE 
Circuit Board Space (TOP VIEW) 


Adjustable Gain to 400 IN+ 11 U sf in- 

GAIN ADJ A [| ]}2 71] GAIN ADJ B 
Vec-U3 6 UL Vcc+ 

Adjustable Passband OUT + []4 51] OUT- 


TYPE RANGE (GAIN OPTION 1) 
TL592 0°C to 70°C 250—600 


description 


No Frequency Compensation Required 


symbol 


GAIN ADJUST A 


IN+ OUT+ 


/IN- OuT- 
This device is a monolithic two-stage video 
amplifier with differential inputs and differential 
outputs. 


GAIN ADJUST B 


Internal series-shunt feedback provides wide 
bandwidth, low phase distortion, and excellent 
gain stability. Emitter-follower outputs enable 
the device to drive capacitive loads. All stages 
are current-source biased to obtain high 
common-mode and supply-voltage rejection 
ratios. 


Fixed differential amplification of nominally 400 
may be selected without external components, 
or amplification may be adjusted from O to 
approximately 400 by the use of a single external 
resistor connected between the gain adjustment 
pins A and B. No external frequency- 


compensating components are required for any ” 
gain option. 5 
The device is particularly useful in magnetic-tape r=) 
ee ; 3 oO 

or disc-file systems using phase or NRZ encoding “ 
and in high-speed thin-film or plated-wire = 
memories. Other applications include general- LL. 
purpose video and pulse amplifiers where wide rr 
bandwidth, low phase shift, and excellent gain < Oo 
stability are required. a 
The TL592 and TL592A are characterized for Py 
operation from O°C to 70°C. 

PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated 

current as of publication date. Products conform to 43 
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TL592, TL592A | 
DIFFERENTIAL VIDEO AMPLIFIERS 


schematic 


OUT+ 


GAIN 
ADJUST OUT— 
300 2 
Vcc-— 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, VOC + (see Note 1)... . 6 2. er ee ee PSAs ae 8 V 
Sinoly voltage, Voc — see. Note tT)... .. 0... SIGS, (BOTS? Be Paes ae ys -8V 
Bitrerential input VOitage:.. . sk ee ce AM I eae SR A SIE Pee +5 V 
Vomage FANGG,. BITY WHDUE.. ow. co nis 5 oe ee or ee EO A eh ee YOO 1OVCC — 
OT ST er 0, aa a i rien Pareewe rt FEA Sie al She oe Uae eh at a8 oo rnd Bh pe) op 10 mA 
Continuous total power dissipation at. 70°C... 2X SSISNS SS). SRA BEA a eS oF ee A. 500 mW 
~” Operating free-air temperature range... .... 2.6 MPR L9. eee OP Se ee 0°C*to’70°C 
Zo) Satis DO CONT IO i iav'c v's pe doem oD aR be os ek ole a we Oe -—65°C to-150°C 
rs Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..............00020058. 260°C 
ry NOTE 1: All voltage values except differential input voltages are with respect to the midpoint between Vcc + and Vcc -. 
a recommended operating conditions 
2 ESR RRR oe 
ie poumpy woltene, Veo a ee ee eet | 
Pe ttghmmtec. 0 
3 
i 
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electrical characteristics at specified free-air temperature, VCC + = 6V,VCC-— = —6V, RL = 2k (unless otherwise noted) 


PARAMETER ee 
FIGURE 


GAIN TL592 
OPTION' | MIN TYP MAX 


TEST CONDITIONS 


4 
Lo?) 
re) 
ro) 
= 

ol2 

alle 

o 

8/218 

= 

> 

ol|x 

e 

e 

fe 


Large-signal differential 25°C 25 40 4 60 
A Vopp = 3V, Ru = 2k2 1 viv 
voltage amplification OPP L 0°C to 70°C 25 600 | 400 600 


26°C 
20°C 2 
0°C to 70°C 
26°C 
1 or 2 
Z0°G 
1or2 


Vopp = 1V 
ic. =0 


B Bandwidth (-—3 dB) 
| 


VD 
Ww . 
O Input offset current 
Ts} Input bias current 
Oc 
00 


_ 
° 
a 


Ww 
od | amd 
B 
> 


9 


- 

ve) 
| 
° 


Common-mode input 
VICR 3 
voltage range 


1) 
0 
1 
1 


3 
5 


i 
8 


2.9 3.4 2.4 2.9 3.4 


voltage 
y 0.35, 0.75 0.35 


| 
8 


(o) 
~ 
ol 
f= 


eed 2 

Output offset volt 1 V re) R mali 2 

offset voltage = QO, = 
sii : ip L 0°C to 70°C 
Peak-to-peak output 25°C 3 
V me = 2 ko 

OPP voltage swing L 0°C to 70°C 2.8 
6) 


4 


Vop = 1 V, 25°C 


N 
Cj} Ww 
WwW] OD £ 


= l i 
eae ae f= thet 10.MHe | 0 to 70°C 
f = 100 kH 6 6 60 86 
: 25°C 
Common-mode f = 5 MHz 
er ection rati MG et er ae 
r ction ratio o 
= , 0°C to 70°C 
f = 5 MHz 
AVcc+ = +0.5 V, 25°C 
INcoc- = +0.5 V 0°C to 7O°E 


k 
Broadband ivalent 
input noise voltage 
fpd___ Propagation delay time 25°C 
2 [avo = TV 25°C 


No load No signal she 
o load, oO signa 

= 0°C to 70°C 
tThe gain option is selected as follows: 


Gain Option 1... Gain adjust pin A is connected to pin B. 
Gain Option 2 . . . Gain adjust pins A and B are open. 


Special Functions be 


~ 
ao 


Supply voltage rejection 
me ratio (AVCC/AViC) 
n 
i . 


bas i, 2, @&g 
sink(max) sink current 


ND 


Icc Supply current 


NO 
WwW oO 
oO; + ao} Nh oO 
BS 


N 
— 
© 

NO] NM 
NLP 
Nh 
~ 


b 
< 
12) 
oO 
; _ ~ re) 
oO 
34) 
~ 


— 

° N 
w 
.~ 


SYdIdITdINV OFGIA 1WILN3H34410 


VZ6S1L ‘26511 


TL592, TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


0.2 uF 
Vo+ 
Vip 
Vo- 
502 50 2 02 HF Sinn 31K 
FIGURE 1 FIGURE 2 
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TL592B 
DIFFERENTIAL VIDEO AMPLIFIER 


D2668, JUNE 1985—REVISED APRIL 1988 


® Adjustable Gain to 400 Typ D8t OR P PACKAGE 


@ No Frequency Compensation Required (TOP VIEW) 
@ LowN IN+ [11 U sf in- 
ow Noise .. . 3 pV Typ Vn GAIN ADJ A F2 een anit 


OUT + [| j4 S|} OUT- 


description 
This device is a monolithic two-stage video D14T OR N PACKAGE 
amplifier with differential inputs and differential (TOP VIEW) 


outputs. It features internal series-shunt 
feedback that provides wide bandwidth, low 
phase distortion, and excellent gain stability. 
Emitter-follower outputs enable the device to 
drive capacitive loads. All stages are current- 
source biased to obtain high common-mode and 
supply-voltage rejection ratios. 


The differential gain is typically 400 when the 

gain adjust pins are connected together, or NC—No internal connection 

amplification may be adjusted from near 0 x0 TD8 and D14 are the codes used to differentiate the 8-pin and 
400 by the use of a single external resistor 14-pin versions, respectively. 

connected between the gain adjustment pins A 

and B. No external frequency-compensating symbol 


components are required for any gain option. GAIN 


The device is particularly useful in magnetic-tape ADJUST A 


or disk-file systems using phase or NRZ encoding IN+ 
and in high-speed thin-film or plated-wire 

memories. Other applications include general- IN— ouT— 
purpose video and pulse amplifiers. 


OUT+ 


GAIN 
The device achieves low equivalent noise ADJUST B 


voltage through special processing and a new 
circuit layout incorporating input transistors with 
low base resistance. 


The TL592B is characterized for operation from 
O°C 46° 70°C. 
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schematic 
VcCCc+ 
OUT+ 
GAIN 
ADJUST OUT-— 


Vcc— 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


supply..yoltage, Vcc .etsee Note 1)... . 0... . . BERANE ADYIP. GERIME QO Bae VELBA ait ae 8 V 
SONY MOIRGOGIY COC oxic noes scale ce bo cine oe eo Pee tk Hl, Sagan Iw SPEED LIK yh -8V 
UTP UMINTIOE HAE VEG ib ce wo ks wane CME eS A DBs HE HS, Ta la Ae SV 
MRR ROTI, NEY QUE fe ns copes ww ee eon en ee ne ob ce RE PEDERI Vec+ to-Vcc — 
NASD OUI OMNYE 5 Petre ir Ba args oi 6 acd 0: 69,2 REE Ni aten oa H, tck as Eke Fc Le 10 mA 
OHINUOLE TOLGL BOWEN OIGSIRATION ss: oo. 3. 5 oo otetaecels Mdca aanateab acne See Dissipation Rating Table 
Cosrating t7ee-sir temiperauire TANG 5. <n hae) acpi os tae ks eck? Ea ees Om, se sOCG 
SCPC: TITIOMC MR CNIREOIIE 9, gies Gina ars wir 5 os Ga RW Ele we dee bee RE ear aca —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................0 eee 260°C 


NOTES: 1. All voltage values except differential input voltages are with respect to the midpoint between Vcc + and Vcc _-_. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATE Ta = 70°C 
POWER RATING FACTOR ABOVE Ta POWER RATING 
5.8 mW/°C 
N/A 
N/A 
N/A 


PACKAGE 


2) 
o 
© 
Q, 
=. 
"Tl 
= 
= 
° 
S. 
) 
= 
A 


recommended operating conditions 


Supply voltage, Vcc + 
Supply voltage, Vcc — 


Operating free-air temperature, Ta @) 
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electrical characteristics at specified free-air temperature, Vcc + = 6V, Vcc-— = -—6V, RL = 2k 
(unless otherwise noted) 


TEST 
PARAMETER TEST CONDITIONSt MIN TYP MAX | UNIT 
FIGURE 
. Large-signal differential Vopp = 3 V, RL = 2 ko, 300400 500 | |, 
bes voltage amplification Rag = 0 0°C to 70°C| 250 600 
Large-signal differential V = 3V, Ry = 2 kQ, 
Avp2 peaeraaee ore i _ 3 25°C viv 
voltage amplification Rag = 1 kQ 
EW Bandwidth (-3. 48) | 2 | Vopp=1V, Rap 0 | 25% | -60~~~«d;SCie | 
ER OE Pee i ciel ME eat <2 
ia : ECCS ae at 
RG SOIR SET ea 
: Secs Ae OY Ba 
Common-mode input 
VICR r v 
voltage range 0°C to 70°C 
Common-mode output 
V Ri = 25°C V 
oc voltage tates | Same as neice |v 
0.35 0.75 
V Output offset volt Vip = 0,R = o,R) = V 
os AGemamene | |* | tom one-eN Ts baeemer tet ay 
Peak-to-peak output mae] SAA RY Beams saad 
V Ri = 2 k2 R = 0 Vv 
OPP voltage swing nies : Of eps 2a 
; Vop = 1V, Ripe OS eee 
; Input t kQ 
cere fe oer 70°C[ 
a keen ay ee Ore] eed ee 
Cj Input capacitance REEDS a ees ae eS RS RE ee eS 
f = 100 kH 60 86 
: 25°C 
Common-mode | f= 5 MHz | meee ORs 
CMA ejection ratio P= 100 Kee | Pe aa 
i (EC's cane ea 
kK Supply voltage rejection AVcc+ = +0.5V, 50 70 
SVR ratio (AVCC/AVio) AVcc- = +0.5 V,Rap = 0 O°C. 40 10 °C4o BO wis coe | 
d equivalent ” 
Vn apace peiaet BW = 1 kHz to 10 MHz 25°C uV c 
input noise voltage ro) 
tod Propagation delay time | 2 =| AVo =1V ee Re A a 
fp Risetime | 2 ~~*| «AV = TV Pe 26 | ee lee 
Maximum output 
' Vip = 1V, Vo =3V = 
sinkim@) sink current ees eee Le 
ee ‘ pst TERS ged Oka" PE CR OS Re 
1 Saree ee o ane __ [ere te 7080 & 
TRap is the gain-adjustment resistor connected between gain-adjust pins A and B. If not specified for a particular parameter, its value ® 
is irrelevant to that parameter. Py 
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DIFFERENTIAL VIDEO AMPLIFIER 


PARAMETER MEASUREMENT INFORMATION 


RAB 
Vo+ Vo+ 
Vo- Vo- 
1kQ2 1k2 
FIGURE 1 FIGURE 2 
RaB Ras 
Vo+ 
Vop Ri =2kQ 
Vo- O 
1k 1k2 = 
FIGURE 3 FIGURE 4 
TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION SUPPLY CURRENT 
vs vs vs 
SUPPLY VOLTAGE GAIN-ADJUSTMENT RESISTANCE SUPPLY VOLTAGE 


1000 ——— ooo ooo 
Rap=0 SHEE EE 
f=1kHz 


No load 
No signal 


@® 
o 
oO. Ta = 28°C par eet = 10kHe 
< See Figure 1 2° CENT TT TTT Ta = 28° 
o > S rr TT [IT see Faure 3 t 
5 ‘ IS . 7 
; 2 J 
3 ie 
fs - = 100 Ht} tA © 
J £ £ 70 Saetiiiioemssi on = 
ro a PTS hoes io | 
pa 2 +L 
- - $) Alea 8 
2) 3 © 
~” 
10 _ 
+3 +4 +5 +6 +7 +8 1 4 10 40 100 400 1k +3 #4 +5 +6 +7 +8 
Voc+ — Supply Voltage — V Rap — Gain-Adjustment Resistance — 2 Vec+—Supply Voltage—V 
FIGURE 5 FIGURE 6 FIGURE 7 
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Designed for Use with the TL852 in Sonar N DUAL-IN-LINE PACKAGE 
Ranging Modules Like the SN28827 (TOP VIEW) 
® Operates with Single Supply Vec (U1 U 1el) Bink 
XMIT | ]2 151] BINH 
@ Accurate Clock Output for External Use Gno M3 iat] INIT 
@ Synchronous 4-Bit Gain Control Output GCDLJ4 = 13, JFILT 
GCA{L]5 121 | XTAL2 
@ Internal 1.2-V Level Detector for Receive ccBt le Wh XTALt 
@ TTL-Compatible GCC]? 10] }OSC 
REC {| {8 
@ Interfaces to Electrostatic or Piezoelectric - BE IEGHO 
Transducers 
description 


The TL851 is an economical digital |2L ranging control integrated circuit designed for use with the Texas 
Instruments TL852 Sonar ranging receiver integrated circuit. 


The TL851 is designed for distance measurement from six inches to 35 feet. The device has an internal 
oscillator that uses a low-cost external ceramic resonator. With a simple interface and a 420-kHz ceramic 
resonator, the device will drive a 50-kHz electrostatic transducer. 


The device cycle begins when Initiate (INIT) is taken to the high logic level. There must be at least 5 ms 
from initial power up (VCC) to the first initiate signal in order for all the device internal latches to reset 
and for the ceramic-resonator-controlled oscillator to stabilize. The device will transmit a burst of 16 pulses 
each time INIT is taken high. 


The oscillator output (OSC) is enabled by INIT. The oscillator frequency is the ceramic resonator frequency 
divided by 8.5 for the first 16 cycles (during transmit) and then the oscillator frequency changes to the 
ceramic resonator frequency divided by 4.5 for the remainder of the device cycle. 


When used with an external 420 kilohertz ceramic resonator, the device internal blanking disables the receive 
input (REC) for 3.8 ms after initiate to exclude false receive inputs that may be caused by transducer ringing. 
The internal blanking feature also eliminates echos from objects closer than 1.3 feet from the transducer. 


If it is necessary to detect objects closer than 1.3 feet, then the internal blanking may be shortened by ” 
taking the blanking inhibit (BINH) high, enabling the receive input. The blanking input (BLNK) may be used 3 
to disable the receive input and reset ECHO to a low logic level at any time during the device cycle for 35 
selective echo exclusion or for a multiple-echo mode of operation. = 
The device provides a synchronous 4-bit gain control output (12 steps) designed to control the gain of | 
the TL852 sonar ranging receiver integrated circuit. The digital gain control waveforms are shown in Figure 2 Keen 
with the nominal transition times from INIT listed in the Gain Control Output Table. x. 
The threshold of the internal receive level detector is 1.2 volts. The TL851 operates over a supply voltage s 
range of 4.5 volts to 6.8 volts and is characterized for operation from O°C to 40°C. a. 
ep) 
PRODUCTION DATA documents contain information = Copyright © 1983, Texas Instruments Incorporated 
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GAIN CONTROL OUTPUT TABLE 


STEP 
NUMBER 


fo} 


ee Ee ee ie ae oe 
Be te re ~ Gd Sha ade. vide’ (res Te ed ee 
ae aks ey See ae he i ee 
ee aks Sey ake Orgie aka, ahr kee 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 


-_- — 


t This is the time to the end of the indicated step and assumes a nominal 420-kHz cera 


functional block diagram 


FILT 
(13) 


FILTERED SUPPLY 


TIME (ms) FROM INITIATE tt 


2.38 ms 
5.12 ms 
7.87 ms 
10.61 ms 
13.35 ms 
16.09 ms 
18.84 ms 
21.58 ms 
27.07 ms 
32.55 ms 
38.04 ms 
INIT | 


mic resonator. 


Vcc 
(1) 


Oe 
420-kHz FREQUENCY GAIN STEP Lo ON 
OSCILLATOR DIVIDER COUNTER ne hb. (2) xMIT 
TRANSMIT ENABLE 
xtac1 .11) =. GCA 
(12) 7 
XTAL 2 (7) 6cc 
(4) Gcp 
~” (14) 
ad INIT | >o 
@ 
QO. INTERNAL 
pe) BLANKING 
= BLANKING 
mn LATCH 
a Binn ~15) & 
2 feels est ques 
w+ 
= (46) ECHO 
c BLNK Se LATCH 
~” 
nce eee ae 
¥ 1.2V 8 
wie ie 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Voltage at ‘any pin'with respect to GND 622 228 .022475 JR8N® . MA OOS ve -O0.5Vto7V 
VoieGe.3L.eoy biG Win TOGNECE TOV EC 6 Pe Pts ahans cbs be wre -7TVtoO0O5 V 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 1) ..... 1150 mW 
Operating 1906-6 TeniNOrarure Tange. os cre ce ww ole eps eee ew ce eee Os 0°C to. 70°C 
COUCH Greta ETRE Tes od Sou te gS Miers ache pais dis hu Oh oes tia wae -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................0000: 260°C 


NOTE 1: For operation above 25°C, derate linearly at the rate of 9.2 mW/°C. 


recommended operating conditions 


Supply voltage, Vcc 
High-level input voltage, Vip BLNK, BINH, INIT 
Low-level input voltage, Vi, BLNK, BINH, INIT 


Delay time, power up to INIT high 
Operating free-air temperature, Ta 


BLNK, BINH, INIT Vi = 2.1 


: ECHO, OSC, GCA, 
High-level output current, IOH GCB. GCC. GCD VOH = 5.5 V 
ECHO, OSC, GCA, 
Low-level output voltage, Vo. GCB, GCC. GCD lo. = 1.6 mA 


SMIT output Vo =1V 
Internal blanking interval REC input 


Frequency during 16-pulse transmit period OSC output 
requ 
: : : : . XMIT output 


F fter 16-pulse transmit period sre OMNES 
re ency arter -puise tran ! ri 

peel ? Ri XMIT output 
| Supply current, toc ry renee ae 


Supply current, | - 
Pere ce After transmit period 


tTypical values are at Vcc = 5 V and Ta = 25°C. 
+These typical values apply for a 420-kHz ceramic resonator. 
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schematics of inputs and outputs 


EQUIVALENT OF BLNK, BINH, AND TYPICAL OF ECHO, OSC, GCA, GCB, XMIT OUTPUT 
INIT INPUTS GCC, AND GCD OUTPUTS 


OUTPUT 


52 
OUTPUT 


500 2 


STEP NO. 0 Roa ea, © ee ee 8 9 10 11 


INIT 


GCA 


GCB 


GcCc 


GCD 


FIGURE 1. DIGITAL GAIN CONTROL WAVEFORMS 


~” 
x?) 
5 
ane Vcc 
® 
“Tl INIT esese ee 
= 16 PULSES 
Q XMIT San: = POR Nesp Meenas Sone name gy Sees ee Seen 
© sin Jt! 
= punk JU! 
INTERNAL 
BLANKING 2.38 ms-> 
po an me om 9.2 V 
REC Sage ER es Se eee STU OR RO 
(INPUT FROM TL852) 
ECHO SRE Seed Same Ces ee Bai era ne eS rE 
FIGURE 2. EXAMPLE OF SINGLE-ECHO-MODE CYCLE WHEN USED WITH THE 
TL852 RECEIVER AND 420-kHz CERAMIC RESONATOR 
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D2779, SEPTEMBER 1983—REVISED MARCH 1988 


® Designed for Use with the TL851 in Sonar N DUAL-IN-LINE PACKAGE 
Ranging Modules Like the SN28827 (TOP VIEW) 


®@ Digitally Controlled Variable-Gain 
Variable-Bandwidth Amplifier 


@® Operational Frequency Range of 20 kHz 
to 90 kHz 


@ TTL-Compatible 


® Operates from Power Sources of 4.5 V 
to 6.8 V 


@® Interfaces to Electrostatic or Piezoelectric 
Transducers 


® Overall Gain Adjustable with One External 
Resistor 


NC—No internal connection 


description 


The TL852 is an economical sonar ranging receiver integrated circuit for use with the TL851 control 
integrated circuit. A minimum of external components is required for operation, and this amplifier easily 
interfaces to Polaroid’s 50-kilohertz electrostatic transducer. An external 68-kilohm +5% resistor from 
pin 8 (Bias) to pin 16 (GND) provides the internal biasing reference. Amplifier gain can be set with a resistor 
from pin 1 (G1IN) to pin 3 (GADJ). Required amplifier gain will vary for different applications. Using the 
detect-level measurement circuit of Figure 1, a nominal peak-to-peak value of 230 millivolts input during 
gain step 2 is recommended for most applications. For reliable operation, a level no lower than 50 millivolts 
should be used. The recommended detect level of 230 millivolts can be obtained for most amplifiers with 
an R1 value between 5 kilohms and 20 kilohms. 


Digital control of amplifier gain is provided with gain control inputs on pins 12 through 15. These inputs 
must be driven synchronously (all inputs stable within 0.1 microsecond) to avoid false receive output signals 
due to invalid logic counts. This can be done easily with the TL851 control IC. A plot showing relative 
gain for the various gain steps versus time can be seen in Figure 2. To dampen ringing of the 50-kilohertz 


electrostatic transducer, a 5-kilohm resistor from pin 1 (GAIN) to pin 2 (XIN) is recommended. 2 
An external parallel combination of inductance and capacitance between pin 4 (LC) and pin 5 (VCC) provides 2 
an amplifier with an externally controlled gain and Q. This not only allows control of gain to compensate © 
for attenuation of signal with distance, but also maximizes noise and sidelobe rejection. Care mustbetaken & 
to accurately tune the L-C combination at operating frequency or gain and Q will be greatly reduced at ir 
higher gain steps. Be 
© 
AC coupling between stages of the amplifier is accomplished with a 0.01-microfarad capacitor for proper ‘oO 
biasing. : a 
. 
The receive output is normally held at a low level by an internal 1-microampere current source. When an @ 
input of sufficient amplitude is received, the output is driven alternately by the 1-microampere discharge 
current and a 50-microampere charging current. A 1000-picofarad capacitor is required from the receive 
output (pin 9) to ground (pin 16) to integrate the received signal so that one or two noise pulses will not 
be recognized. 
Pin 2 (XIN) provides clamping for the transformer secondary when used for transducer transmit drive as 
shown in Figure 4 of the SN28827 data sheet. 
The TL852 is characterized for operation from O°C to 40°C 
PRODUCTION DATA documents contain information k Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to ‘] 
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functional block diagram 


(5) 
Vcc 
= | 50 pA 
0.3V 
Vec -2.1V > 
G2IN I oe, : | 
GCA (14) (9) REC 
(13) 
GCB GAIN 
ecc a2! CONTROL = |: ah 
GcD (15) 
pias — 2 
0.7V 
(6) Gi0uT 
G1IN is) 
Gaps —2! 
S ic 4 
© 
©, 
ay XIN (2) 
a 
| schematic of gain control inputs 
?) 
ef. (16) 
‘) GND GCA, GCB, GCC, AND GCD 
Eo | 
7) 


4-156 TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TL852 
SONAR RANGING RECEIVER 


GO TRE Ns PAE ATE ST TRE AARNE SESSA RNY 2 le TEL A AE ENA EE PEIN LS, SS SAL SE — NPT ET SONATA GSES 2 a Ea ge RS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Voltage at any pin with reeapect t16.GND :... 6. ee ce ose we. SUE AGH -O0.5Vto7V 
NTR OC ARP AT CIT SiR Oe oh sce bk ek se ee — TV t0.0.5 V7 
Pee MEME Ne, SECON ite MECC I gs eos on abe! 5 ci dc spn Gousin Ghent ® BAS Ae +60 mA 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 1) ..... 1150 mW 
Operating free-air temperature range ........... 0. ee ee ee eee — 40°C to 85°C 
Iemma RUIN ry ora hw laicns Schge dw Mab ie Das cw pn tn es oe -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................000088 260°C 


NOTE 1: For operation above 25°C, derate linearly at the rate of 9.2 mW/°C. 


recommended operating conditions 


Bobo ins aol Corl ineen lee aad Gene Os o,, , e 
Supply voltage, Vcc 4.5 6.8 


, 
High-level i itage, V 5 aa ee 
ee eee, *I_ 1) aca, Ges, GccGeD 
Low-level input voltage, Vi, og yee S V 
Bias resistor between pins 8 and 16 64 72 key 
Operating free-air temperature, Ta ek: Pe Sh 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Input clamp voltage at XIN #5) v 
A 


Ciccar tama vale 
Open-circuit input voltage Vec = BV, = 0 
at GCA, GCB, GCC, GCD 
High-level i t t, lH, 
, igh-level input current, Ij} Vie <8, Vine ay 
into GCA, GCB, GCC, GCD 
= §V, = 0 


-level input t, lL, 
sisi evel input current, lj, vee Vib a 
into GCA, GCB, GCC, GCD 
IG2IN = —100 pA, Vo = 0.3 V 
R tput t 
eceive output curren oie TOD eA, Vo = 0.1V be 
Supply current, loc fe ee Ue NR a eee 


tTypical values are at Vcc = 5 V and Ta = 25°C. 
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TYPICAL APPLICATION INFORMATION 
detect level vs gain step 


Detect level is measured by applying a 15-cycle burst of 49.4 kilohertz square wave just after the beginning 
of the gain step to be tested. The least burst amplitude that makes the REC pin reach the trip level is defined 
to be the detect level. System gain is then inversely proportional to detect level. See the test circuit in 
Figure 1. 


Vcc 


68 k2 


DETECT 
TRIP . 


LEVEL TL331 


15-CYCLE 

49.4 kHz 

VARIABLE- 
AMPLITUDE 

BURST GENERATOR 


490 kn 21 mH 


Cy) 


0.0022 uF 


500 pF 


ALL RESISTORS +1%, %4 WATT 
ALL CAPACITORS :1%, FILM 
L1Q > 60 at 50 kHz 

C1Q > 500 at 50 kHz 


15 PULSES 


INPUT 
SIGNAL 


TRIP LEVEL SS ee = 


REC ' 
OUTPUT | ‘ 


COMPARATOR | | 


OUTPUT 
FIGURE 1. DETECT-LEVEL MEASUREMENT CIRCUIT AND WAVEFORMS 
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TYPICAL APPLICATION INFORMATION 


GAIN STEP TABLE 


Cc 
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RECEIVER GAIN 


vs 
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D2843, DECEMBER 1984—REVISED MARCH 1988 


Designed for Use with the TL852 in Sonar N DUAL-IN-LINE PACKAGE 


Ranging Modules Like the SN28828 ss Sh ll 
@ Operates with Single Supply 
® Accurate Clock Output for External Use 
@ Synchronous 4-Bit Gain Control Output 
® internal 1.2-V Level Detéctor for Receive 
@ TTL-Compatible 
@ Interface to 40-kHz Piezoelectric or 
Electrostatic Transducers 
description 


The TL853 is an economical digital 12L ranging control integrated circuit designed for use with the Texas 
Instruments TL852 Sonar ranging receiver integrated circuit. 


The TL853 is designed for distance measurement ranging from six inches to 35 feet. The device has an 
internal oscillator that uses a low-cost external ceramic resonator. With a simple interface and a 420-kHz 
ceramic resonator, the device will drive a 40-kHz piezoelectric transducer. 


The device cycle begins when Initiate (INIT) is taken to the high logic level. There must be at least 5 ms 
from initial power up (VCC) to the first initiate signal in order for all the device internal latches to reset 
and for the ceramic-resonator-controlled oscillator to stabilize. The device will transmit a burst of 16 pulses 
each time INIT is taken high. 


The oscillator output (OSC) is enabled by INIT. The oscillator frequency is the ceramic resonator frequency 
divided by 10.5 for the first 16 cycles (during transmit) and then the oscillator frequency changes to the 
ceramic resonator frequency divided by 4.5 for the remainder of the device cycle. 


When used with an external 420-kilohertz ceramic resonator, the device internal blanking disables the receive 
input (REC) for 2.46 ms after initiate to exclude false receive inputs that may be caused by transducer 
ringing. The internal blanking feature also eliminates echos from objects closer than 1.37 feet from the 


transducer. If it is necessary to detect objects closer than 1.37 feet, then the internal blanking may be 2 
shortened by taking the blanking inhibit (BINH) high, enabling the receive input. The blanking input (BLNK) 6 
may be used to disable the receive input and reset ECHO to a low logic level at any time during the device ‘4a 
cycle for selective echo exclusion or for a multiple-echo mode of operation. = 
The device provides a synchronous 4-bit gain control output (12 steps) designed to control the gain of a 
the TL852 sonar ranging receiver integrated circuit. The digital gain control waveforms are shown in Figure 2 — 
with the nominal transition times from INIT listed in the Gain Control] Output Table. co 
The threshold of the internal receive level detector is 1.2 volts. The TL853 operates over a supply voltage 
range of 4.5 volts to 6.8 volts and is characterized for operation from O°C to 40°C. Qa. 
) 
PRODUCTION DATA documents contain information ; Copyright © 1984, Texas Instruments Incorporated 
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GAIN CONTROL OUTPUT TABLE 


sed CGD GCA TIME (ms) FROM INITIATEtt 
NUMBER 


2.46 ms 
5.2 ms 
7.94 ms 
10.69 ms 
13.43 ms 
16.17 ms 
18.91 ms 
21.66 ms 
27.14 ms 
32.63 ms 
38.11 ms 
INIT 4 


(2) 


aks, Wea? chs SE ae REED OSS een IT) ne 
Rar Ge ase st gk ae okey Sok tbe hanes see 
= AS regs ea CPS SOE wall pe EOS OR aw 
oe. as, Fo, ge EL ere Pr ee 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 


ae 
as 


TThis is the time to the end of the indicated step and assumes a nominal 420-kHz ceramic resonator. 


functional block diagram 


FILT Vcc 
(13) (1) 


FILTERED SUPPLY 


420-kHz FREQUENCY 
OSCILLATOR DIVIDER 


GAIN STEP 
COUNTER 


TRANSMIT ENABLE 


(11) 
XTAL 1 MD aca 
(6) 
(12) = GCB 
XTAL 2 - GCC 
GCD 
~ 
CG init 14) ie, 
Oo Pe 
©, 
ry INTERNAL 
— BLANKING 
"Tl BLANKING 
s LATCH 
(15) 
QO BINH ey 
Oo P 
a | (16) ECHO 
D BLNK eat LATCH 
: 8 
jen ce Saas aaa 
| i2av—o 
GND (3) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


VGIiaGe Ge Mov rie Siti) VOMERIET GPO MIM ooo oe: seg va pa jan orb ipee WAT dean 6 hawks "14 0 aoe -0.5Vto7V 
Voltage at any-pin with respect’ to VCC... 2s. ac iw ie be ce ee -7Vto0O.5V 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 1) ..... 1150 mW 
OpGrating: s7O0-Bil TORI OrnUUre THRIGO oo. ee ins oct ods ade ww cs ee ww wee 0°C to: 70°C 
Sr erate ROE nots Siac on 0 9 Dir eke § Re a es vk a -~65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..............200000 0% 260°C 


NOTE 1: For operation above 25°C, derate linearly at the rate of 9.2 mW/°C. 


recommended operating conditions 


High-level input voltage, Vi} BLNK, BINH, INIT . 
Low-level input voltage, Vj,_ BLNK, BINH, INIT 


Delay time, power up to INIT high 


Operating free-air temperature, Ta 


PARAMETER TEST CONDITIONS 
input curent———SSSCS~SCS*™YSCSLN INIT | 


ECHO, OSC, GCA, 
High-level output current, IoH GCB, GCC, GCD 
ECHO, OSC, GCA, 
Low-level output voltage, Vo. GCB, GCC, GCD 


On-state output current XMIT output 
Internal blanking interval REC input 


Ae ae During transmit period 
u current, - ; 
ppy ce After transmit period 


TTypical values are at Vcc = 5 V and Ta = 25°C. 
+These typical values apply for a 420-kHz ceramic resonator. 
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schematics of inputs and outputs 


EQUIVALENT OF BLNK, BINH, AND TYPICAL OF ECHO, OSC, GCA, GCB, XMIT OUTPUT 
INIT INPUTS GCC, AND GCD OUTPUTS 


OUTPUT 


52 
OUTPUT 


500 2 


STEP NO. a -4+--2 3-2-8 7-8 9 10 11 
INIT 
GCA 
GCB 
Gcc 
GcD 
FIGURE 1. DIGITAL GAIN CONTROL WAVEFORMS 
op) 
Zo) 
@ 
. rae 
® 
ral INIT Seek Bi Acetate Oe 
= 16 PULSES 
© XMIT Resaaes: |” PSC eeean aaa cee ORG ERNIE Dee pao ee So 
. (L) 
ro} BINH 
= sunk 4U 
~” 


INTERNAL | | 
BLANKING ~2.46 ms -—> 
SE et SR NORA 2 Fa SOS RENE ee eae 
REC 


(INPUT FROM TL852) 


FIGURE 2. EXAMPLE OF SINGLE-ECHO-MODE CYCLE WHEN USED WITH THE 
TL852 RECEIVER AND 420-kHz CERAMIC RESONATOR 
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Magnetic-Field Sensing Hall-Effect Input 
On-Off Hysteresis 


Small Size 


Standard Bipolar Technology Minimizes ESD 
Susceptibility 


loL ... 20 mA Min at VoL = 0.4 V 
IOH --- 1 vA Max at VOH = 24 V 


Buried Hall-Effect Cell Reduces Threshold 
Drift Caused by Temperature Variation and 
Aging 


@ Direct Replacement for the Sprague 
UGN3013 


description 


The TL3013C is a low-cost magnetically 
operated electronic switch that utilizes the Hall 
effect to sense magnetic fields. Each circuit 
consists of a Hall-effect sensor, signal 
conditioning and hysteresis functions, and an 
output transistor integrated into a monolithic 
chip. The outputs of these circuits can be directly 
connected to many different types of electronic 
components. 


The TL3013C is characterized for operation over 
the temperature range of O°C to 70°C. 


functional block diagram 


TL3013C 
SILICON HALL-EFFECT SWITCH 


D2903, SEPTEMBER 1985—REVISED APRIL 1988 


LU PACKAGE 
(TOP VIEW) 


OUTPUT 
GROUND 
Vcc 
0,48 mm (0.019 in) . 
0,43 mm (0.017 in) 

CHIP FACE 


FUNCTION TABLE (0°C < Tg < 70°C) 


FLUX DENSITY OUTPUT 


B < 2.5 mT (25 G) Off 
Undefined 


2.5 mT (25 G) < B < 45 mT (450 G) 
B = 45 mT (450 G) On 


The unit of magnetic density in the International System of 
Units (SI) is the tesla (T). The tesla is equal to one weber 
per square meter. Values expressed in milliteslas may be 
converted to gauss (G) by multiplying by ten. 


Vcc ” 
V+ as 
RL CMOS Q 
| REGULATOR MOS c 
| TRANSISTORS pee 
SCRs LL. 
i mon 4 TRIACS ams 
SIL SIGNAL c, | RELAYS & 
| HALL-EFFECT CONDITIONING re) 
| SENSOR AND HYSTERESIS @ 
= a. 
| 7) 
= GROUND 
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TL3013C 
SILICON HALL-EFFECT SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Ver tee Note 1) 2... 6... See ee ce ee ate see 2 pe cates |S 40 V 
aU CEN E a aie ia acs ss ous a Ear pis + a oink > oon le OR pew eat ke ae eee ee 40 V 
ee Gale, RE Se Babes a ia nr eae LM. i a ennner iain ae oem ema Soe) GG s 30 mA 
Maanetic Tix Cengity, t2..). ae ee ee RO eae ae s ee ee unlimited 
Operating free-air temperature range... en ce een wwe en oe ne 0°C to 70°C 
SSUES TOIT see REIN occa 5s oe ee 9 tee 28s Reds te eee Bebe -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.............-.00020es 260°C 


NOTE 1. Voltage values are with respect to the network ground terminal. 


electrical characteristics over operating free-air temperature range, VCC = 4.5 V to 24 V (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Figp _ Saeapancnapietsne Metin yvea [2 | Se 
Brp Release-point magnetic flux density (see Figure 2) | = = i as—(sts—‘“‘ié‘CS;C*t:COC(tzCS 225 
2 Sg oe ee a eR RR 9 EMC 
Sem Cee O Cee eee eee 
VOL Low-level output voltage lo. = 20 mA CRS ST i ae 


IOH High-level output current 


Icc Supply current 


TThe unit of magnetic density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter. 
Values expressed in milliteslas may be converted to gauss (G) by multiplying by ten. 
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“” FIGURE 1. DEVICE ORIENTATION IN A FIGURE 2. REPRESENTATIVE CURVE OF Vo vs B 


MAGNETIC FIELD 


switching characteristics at Vcc = 12 V, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
i Output se time 
RL = 820Q, = 
tf Output fal time epee At eG | ESE 
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TL3019C 
SILICON HALL-EFFECT SWITCH 


D2903, JULY 1985—REVISED APRIL 1988 


@ Magnetic-Field Sensing Hall-Effect Input LU PACKAGE 
(TOP VIEW) 
@ On-Off Hysteresis 
@ Small Size 
@ Standard Bipolar Technology Minimizes ESD OUTPUT 
Susceptibility 
GROUND 
®@ lo_...20 mA Min at VoL = 0.4 V 
V 
loH ... 1A Max at Von = 24 V 5 
Buried Hall-Effect Cell Reduces Threshold 
Drift Caused by Temperature Variation and 0,48 mm (0.019 in) me 
Aging 0,43 mm (0.017 in) 
CHIP FACE 
@ Direct Replacement for the Sprague 


UGN3019 


description 


The TL3019C is a low-cost magnetically 
operated electronic switch that utilizes the Hall 
Effect to sense magnetic fields. Each circuit 
consists of a Hall-Effect sensor, signal 
conditioning and hysteresis functions, and an 
output transistor integrated into a monolithic 
chip. The outputs of these circuits can be directly 


FUNCTION TABLE (0°C < Tg < 70°C) 


FLUX DENSITY OUTPUT 


B < 12.5 mT (125 G) Off 
Undefined 


12.5 mT (125 G) < B < 50 mT (500 G) 
B = 50 mT (500 G) On 


The unit of magnetic density in the International System of 
Units (SI) is the tesla (T). The tesla is equal to one weber 
per square meter. Values expressed in milliteslas may be 
converted to gauss (G) by multiplying by ten. 


connected to many different types of electronic 
components. 


The TL3019C is characterized for operation over 
the temperature range of 0°C to 70°C. 


functional block diagram 


e 
V+ 
TTL oO 
Ri CMOS o 
REGULATOR MOS c 
TRANSISTORS 5 
SCRs LL. 
SILICON SIGNAL THA? eee 
co | C, | RELAYS rs 
HALL-EFFECT CONDITIONING | som 
SENSOR AND HYSTERESIS . 
= o. 
17 p) 
= GROUND 
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necessarily include testing of all parameters. 


TL3019C 
SILICON HALL-EFFECT SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


punby voltage, Voc .ueee Note: 4) 26. Ge pce ee pan so pee SF § aa Is REET Tia 40 V 
PORES CERES Cee. sear ae aoe ee ees eS wee Ol 2 ee pe ea ae 40 V 
DOS a TS BE Si cs Sn) air cee meee. TEE TY are bed th 30 mA 
MIGONGTIC TUX GONE. Stam ee ee ace ws pe ee ater RO DUG ieee eee 2 ed a unlimited 
Operating: free-alt temperature range ... . baie ns ce ee wen te vee en °C: to 76°C 
SE Cie DIT II ts cs as ss he 5 > eyo Re os ee —65°C to 150°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................+0005% 260°C 


NOTE 1. Voltage values are with respect to the network ground terminal. 


electrical characteristics over operating free-air temperature range, Vcc = 4.5 V to 24 V (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX 
Bop Operate-point magnetic flux density (see Figure 2) 


5 


Peet ce en 42 
Brp Release-point magnetic flux density (see Figure 2) fe BA aesiie oo eho Ca ee ee 12.5 30 
See oo io ee 12 


tThe unit of magnetic density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter. 
Values expressed in milliteslas may be converted to gauss (G) by multiplying by ten. 


Vo 


0 
0 12.5 mT 50 mT 


FIGURE 2. REPRESENTATIVE CURVE OF Vo vs B 
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FIGURE 1. DEVICE ORIENTATION IN A 
MAGNETIC FIELD 


switching characteristics at Vcc = 12 V, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN 
tt Output fall time ark pad etek 
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TL3020€ 
SILICON HALL-EFFECT SWITCH 


D2903, OCTOBER 1985—REVISED APRIL 1988 


Magnetic-Field Sensing Hall-Effect Input 
On-Off Hysteresis 


Small Size 


Standard Bipolar Technology Minimizes ESD 
Susceptibility 


loL -.- 20 mA Min at VoL = 0.4 V 
IOH --- 1 pA Max at VOH = 24 V 


Buried Hall-Effect Cell Reduces Threshold 
Drift Caused by Temperature Variation and 
Aging 


Direct Replacement for the Sprague 
UGN3020 


description 


The TL3020C is a low-cost magnetically 
operated electronic switch that utilizes the Hall 
effect to sense magnetic fields. Each circuit 
consists of a Hall-effect sensor, signal 
conditioning and hysteresis functions, and an 
output transistor integrated into a monolithic 
chip. The outputs of these circuits can be directly 
connected to many different types of electronic 
components. 


The TL3020C is characterized for operation over 
the temperature range of O°C to 70°C. 


functional block diagram 


ee SS ee ee ee ee ee ee ee eee, 


REGULATOR 


SILICON 
HALL-EFFECT 
SENSOR 


SIGNAL 
CONDITIONING 
AND HYSTERESIS 


ad a ee ae eae 
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\ 


LU PACKAGE 
(TOP VIEW) 


OUTPUT 
GROUND 


Vcc 


a i CHIP FACE 


FUNCTION TABLE (0°C < Tg < 70°C) 


Off 
Undefined 
On 


0.48 mm (0.019 in) 
0,43 mm (0.017 in) 


FLUX DENSITY 
B <= 5 mT (50 G) 


5 mT (50 G) < B < 35 mT (350 G) 
B = 35 mT (350 G) 


The unit of magnetic density in the International System of 
Units (SI) is the tesla (T). The tesla is equal to one weber 
per square meter. Values expressed in milliteslas may be 
converted to gauss (G) by multiplying by ten. 
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TL3020€ 
SILICON HALL-EFFECT SWITCH 


(BREE R28 OA SATE 285 FSG SURES IRIEL DIVO ANE NS START AOR ROTATES 9209 RRR TERE 25 RR 2A TL IG PGT CRI SS SE TSN; OSE ELDEST GEN ED STR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply. voltage, Vee-4teee Note 1)... . a i ees oe ee ow PETS Sie ine 40 V 
Ered NE ef ws Os ede » RARE ks 4 ck ts 2 ee ee a ee ee 40 V 
SPCNLIE UU RTNG cE fea erat. ot ex oe we WR ee we es 6 ace a es ee 30 mA 
Magnetic flux density ....... Seas 96s we te ewe CRATER Sey easy: dernn ae ree unlimited 
Operating free-air tempersture range ... 6. 6 ce ce ee et eee tone 6 2 0°C to 70°C 
CRRA er CUT FI ein op ce a WR sine os yeh fo ee = ee -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.............00000e0es 260°C 


NOTE 1. Voltage values are with respect to the network ground terminal. 


electrical characteristics over operating free-air temperature range, VCC = 4.5 V to 24 V (unless 
otherwise noted) 


RES Se oe 


aB Temperature coefficient of Bop and Brp 


tThe unit of magnetic density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter. 


Values expressed in milliteslas may be converted to gauss (G) by multiplying by ten. 


Vo 


0 
18) 5 mT 35 mT 


FIGURE 1. DEVICE ORIENTATION IN A FIGURE 2. REPRESENTATIVE CURVE OF Vo vs B 
MAGNETIC FIELD 


switching characteristics at Vcc = 12 V, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


besoin ip pantie 
tf Output fall-time i= 1 Se p eS See 
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TL31011, TL3101C 
SILICON HALL-EFFECT SWITCH 


APRIL 1985—REVISED APRIL 1988 


@ Magnetic-Field Sensing Hall-Effect Input LU PACKAGE 
@® On-Off Hysteresis 
@ Small Size rye 
@ Solid-State Technology 
on 
@ Open-Collector Output | Vec 
rt 
® Buried Hall-Effect Cell Reduces Threshold 4 GROUND 
Drift Caused By Temperature Variation and Uy | output 
Aging 
description 0,48 mm (0.019 in) le 
0,43 mm (0.017 in) 
The TL31011 and TL3101C are low-cost CHIP FACE 


magnetically operated electronic switches that 
utilize the Hall Effect to sense steady-state 
magnetic fields. Each circuit consists of a Hall- 
Effect sensor, signal conditioning and hysteresis 
functions, and an output transistor integrated 
into a monolithic chip. The outputs of these 
circuits can be directly connected to many 
different types of electronic components. 


The TL3101C is characterized for operation over 
the temperature range of O0°C to 70°C. The 
TL31011 is characterized for operation over the 
range of —20°C to 85°C. 


FUNCTION TABLE 0°C = Tag = 70°C 


FLUX DENSITY OUTPUT 


Special Functions 


<= -25 mT Off 
-25 mT < B < 25mT Undefined 
= 25 mT On 
functional block diagram 
Vcc V+ 

Fe en ee a ee ee ee en ee TTL 

| RTL 

| MOS 

OUTPUT TRANSISTORS 

| SCR’S 

SILICON SIGNAL | TRIACS 

| HALL-EFFECT CONDITIONING RELAYS 

| SENSOR AND HYSTERESIS | 

SNe RE RCE PE ing EE ere. SES CR ane pas 

= GROUND 
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TL31011, TL3101C 
SILICON HALL-EFFECT SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDDIV VONAGE) VCRrIEee NOU UE oes ais Ko a ec eis eee a he Ce ee od oe ee 2 ROM ewes 7V 
NNR POC ON ee ca oy es 8g abe eas Fa wee ae 0k nova ee ao Oe ea ee ee 30 V 
Se NLIN Se CiO URI ye Se, KE ks SOE OE TS 8 8 be ee Pa ak ee eee 20 mA 
Operating free-air temperature range: TL3101C ..... 2... es O°Cto 70°C 

TEs eee 6 8 eS oe, ae ees — 20°C to 85°C 
en eer oe sneer rire are Parr an) eee ar ~65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..............00200005 260°C 
NIBGNGTIC THK GCONBIRY 2 ce cw ae ie oe oe eo oe CE PE Assis e rl ce eatin 2 unlimited 


NOTE 1: Voltage values are with respect to network ground terminal. 
electrical characteristics at specified free-air temperature, Vcc = 5 V + 5% (unless otherwise noted) 


Threshold of positive going 
BT + : to t 
magnetic flux density 


0°C to 70°C 
- 20°C to 85°C 


8 Threshold of negative going 0°C to 70°C -25+ @) 
is 
magnetic flux density? -~20°C to 85°C | -35+ ) 


Br. — Br— Hysteresis 0°C to 70°C 
IOH High-level output current VOH = 20 V 0°C to 70°C 
VOL Low-level output voltage Vcc = 4.75, lol = 16 mA 0°C to 70°C 


| ie Veo = 8.26 v pommut owl. ose to. 702C 
vi: Output oe} 0%cw 70°C 


TThreshold values are those levels of magnetic flux density at which the output changes state. For the TL3101, a level more positive 
than By + causes the output to a low level and a level more negative than By — causes the output to go to a high level. See Figures 1 and 2. 

+The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux density threshold 
levels only. 

8The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square 
meter. Values expressed in milliteslas may be converted to gauss by multiplying by ten. 


Vo 
+B N 
Ss 
be S 
N 
CHIP FACE 


VOL 


The north pole of a magnet is the pole 


that is attracted by the geographical B (mT) 

north pole. The north pole of a magnet The positive-going threshold (BT+) is a positive B level at which a positive-going flux 
repels the north-seeking pole of a density results in the TL3101 output turning on. The negative-going threshold is negative 
compass. By accepted magnetic con- B level at which a negative-going flux density results in the TL3101 turning off. 


vention, lines of flux emanate from the 
north pole of a magnet and enter the 
south pole. 


FIGURE 1. DEFINITION OF 
MAGNETIC FLUX POLARITY FIGURE 2. REPRESENTATIVE CURVES OF Vo vs B 
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TL31031, TL3103C 
LINEAR HALL-EFFECT SENSORS 


D3184, MAY 1985—REVISED FEBRUARY 1989 


® Output Voltage Linear with Applied LU PACKAGE 
Magnetic Field (TOP VIEW) 


® Sensitivity Stable Over Wide Operating 
Temperature Range 


Vcc 
@ Buried Halli Cell Reduces Changes Due to 
Temperature Variation and Aging GROUND 
OUTPUT 


Solid-State Technology 


@ Three-Terminal Device 
0,48 mm (0.019 in.) 


Senses Static or Dynamic Magnetic Fields 0.43 mm (0.017 in.) 
; ; CHIP FACE 
description ; : 
functional block diagram 
The TL31031 and TL3103C are low-cost 
magnetic-field sensors designed to provide a Vcc 


linear output voltage proportional to the 
magnetic field they sense. These monolithic 
circuits incorporate a Hall element as the primary 
sensor along with a voltage reference and a 
precision amplifier. Temperature stabilization and 
internal trimming circuitry yield a device that 
features high overall sensitivity accuracy with 
less then 5% error over its operating temperature 
range. 


SILICON 
HALL-EFFECT 
SENSOR 


CURRENT REGULATOR 


The TL3103l1 is characterized for operation from 
— 20°C to 85 °C. The TL3103C is characterized 
for operation from O°C to 70°C. 

GROUND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


CONSTANT-CURRENT 
SOURCE 


Bly Wien, VO NOOR INOIBGT).. soa5 «60D cess eee aie oe Sox ee swe aos ep RSS wi ae 25 V e 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)........ 775 mW Oo 
Operating free-air temperature range: TL31031 ............. cee ee ees —- 20°C to 85°C rT} 
MAS eee ore OSes Pr eey Spies 0°C to 70°C ¢ 
Sinlege: Teme RGN TANGO 4 i ae dee ae Soe a ee ee ee CED cee =65°C to 150°C : 3 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................000088 260°C = bk 
MIDGHOUG THIN CORUM soo tr sp te tai thy 6 Ck SA ee Cp eee dems bes bee ep Wee ai unlimited = "¢g 
NOTES: 1. Voltage values are with respect to network ground terminal. 5) 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 6.2 mW/°C. 4 
 p) 
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TL31031, TL3103C 
LINEAR HALL-EFFECT SENSORS 


recommended operating conditions 


[aia [asia 


Supply voltage, Vcc 8 2 16 | et oe ey V8 
Magnetic flux density, B 
Operating free-air temperature, Ta a: Sees 


electrical characteristics over recommended ranges of supply voltage and magnetic flux density, 
TA = 25°C (unless otherwise noted) 


ip = -2 mA 100.6 mA, 58 6 62 
ah So Oe snore ee 
ATA = 26°C toMINorMAX | ~~~ | 
Icc Supply current B = OmT3, Ilo = 0 Erin ty. Hinge’ ita hetln MRA: | 
saan SaaS eno ET Amati ads ox rman, ate tae- Wake 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+Typical values are at Vcc = 12 V at Ta = 25°C. 


8The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square 
meter. Values expressed in milliteslas may be converted to gauss by multiplying by ten, e.g., 50 millitesla = 500 gauss. 


OUTPUT VOLTAGE 


vs 
+B on MAGNETIC FLUX DENSITY 
S i 7 
B rs ga voc = 12 Ae ta ee 
N ‘Brrr, = 25°C = 
| lee vical 1 | 
e \\A 
Be oe cde ie a 
cee er es 
6.2 Pace, | 
Pape pulp eae ae 


A 


The north pole of a magnet is the pole that is attracted by the 
geographical north pole. The north pole of a magnet repels the north- 
seeking pole of a compass. By accepted magnetic convention, lines 
of flux emanate from the north pole of a magnet and enter the south 


LOWER 
pole. 


BOUNDARY 


Vo— Output Voltage—V 
ro) 


FIGURE 1. DEFINITION OF MAGNETIC 5.4 
FLUX POLARITY 
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B—Magnetic Flux Density —mT 


FIGURE 2 
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Vo— Output Voltage—V 


TL31031, TL3103C 
LINEAR HALL-EFFECT SENSORS 


TYPICAL APPLICATION DATA 


The circuit in Figure 3 may be used to set the output voltage at zero field strength to exactly 6 V (using 
R1) and to set the sensitivity to exactly — 15 V/T (using R2) as depicted in Figure 4. 


COMPENSATED OUTPUT VOLTAGE 
vs 
MAGNETIC FLUX DENSITY 


FIGURE 3. COMPENSATION CIRCUIT 


Compensated Output Voltage—V 


-50-40-30-20-10 0 10 20 30 40 50 
B—Magnetic Fiux Density—mT 


FIGURE 4 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs ” 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE — 
2) 
B= OmT 5 
Ta = 25°C ¢ 
a 
. LL. 
2 
+ 1) 
Ss @ 
= oe. 
£ \] 
=] 
i 
2) 
> 
8 10 12 14 16 18 
Vcc—Supply Voltage—V Ta—Free-Air Temperature— °C 
FIGURE 5 FIGURE 6 
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TL31031, TL3103C 
LINEAR HALL-EFFECT SENSORS 


TYPICAL APPLICATION DATA 


MAGNETIC SENSITIVITY MAGNETIC SENSITIVITY 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


TZ 17 


Ta = 25°C 


book | | | | a a2 
a ie eat ee 


Magnetic Sensitivity —V/T 


—_t 
o 
mie 
Magnetic Sensitivity —V/T 
—_ 
a 


15 15 
8 10 12 14 16 18 0 25 50 75 
Vcc—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 7 FIGURE 8 


linear hall-effect sensor in isolated feedback applications 
purpose 


The purpose of the circuit in Figure 9 is to demonstrate the capability of the linear hall-effect sensor to 
provide isolated sensing. 


oS Vo 
@ 
©} 
» TOROID 
"Tl 
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os | 
© 
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ie) 
P= | 
~ TL3103 

PWM CONTROL SENSOR 

CIRCUIT 
FIGURE 9. ISOLATE FEEDBACK 
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TL31031, TL3103C 
LINEAR HALL-EFFECT SENSORS 


ALLA ORR RR A AR MES EB DE SN IS EA BS FRE ALAA ws OAS So BA VaR A GN AY EIR oo OE PES ST IN PI A ERS SERED TIRE A OREM SE th ae CERES 
linear sensor 


The TL3103 senses the presence of a magnetic field. In the absence of a magnetic field, the TL3103 output 
voltage is 6 V. As the sensor senses the presence of a magnetic field, its output varies proportionally 
at 16 V/T. 


toroid 


The permeability (u) of any given material is the relationship of the magnetic flux density (B) to the magnetic 
field intensity (H). The magnetic field intensity of a toroid is given by the expression: 


ap 
H = — (1) 


Where: NI is number of turns times the current. 
L is mean length of the toroid. 


The expression for the magnetic flux density then becomes: 


NI 
B=p~— 
aan (2) 
With an air gap, the basic expression is altered to the following: 
Ni 
Bgap = Ho tke (3) 


Where: po is the permeability of air = 12.57x 10-7. 
K is the relative permeability of the toroid (y/yo). 
g is the length of the air gap in mils. 


If the relative permeability of the toroid is large (Kg > K), the mean length of the toroid becomes insignificant 
and the expression for flux density reduces to: 


NI 
Bgap = Ho = (4) 


circuit 


As previously discussed, the output of the TL3103 is: 
NI 
Vsense = 6 V+ (16 V/T) (Lo rl ) (5) 


This shows how the output of the TL3103 varies with the ampere turns of the toroid. For some relative 
numbers, Figure 9 uses an Arnold toroid #A393163-2 with a 156-mil air gap. The magnetic field created 
in the air gap is: 


B (gauss) = 1.92 NI (ampere turns) (6) 
Therefore, the variation in the output of the TL3103 is: 


The sensitivity of the TL3103 to the current in the windings can therefore be altered by the number of 
turns composing the windings. 


| AVsenso | N | At 


614 mV 20 10 mA 
614 mV 200 1mA 
614 mV 2000 100 pA 
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Special Functions ~ 
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TL31031, TL3103C 
LINEAR HALL-EFFECT SENSORS 
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power supply application 


Since the output of the TL3103 varies proportionally to the current flow in the toroid, this leads to the 
obvious application of current sensing. The features presented by this approach are as follows: 


1. Minimum power loss in the sensing element: 
Pioss = !2Rtoroid (R < 0.01 Q for 20 turns) (8) 
2. Isolated feedback, no passive connection required. 


Another application of this concept provides a linear isolated feedback of the output voltage. This is 
accomplished by connecting a resistor in series with the toroid terminated to ground. In this configuration, 
the current in the toroid is determined by the output voltage (Is = VO/Rs), therefore, the output variation 
of the TL3103 is proportional to the output voltage. 
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TLCO551C 
LinCMOS™ TIMER 


D2791, FEBRUARY 1984—REVISED MAY 1988 


@ Very Low Power Consumption... 1 mW D OR P PACKAGE 
Typ at Vpp = 5V . (TOP VIEW) 


Capable of Operation in Astable Mode 
CMOS Output Capable of Swinging Rail to 


Rail 
@ High Output-Current Capability 

'... Sink 100 mA Typ functional block diagram 

... Source 10 mA Typ 

; : VpD RESET 

@ Output Fully Compatible with CMOS, TTL, (8)| CONTROL 

and MOS 
@ Low Supply Current Reduces Spikes During 

Output Transitions THRESHOLD 


High-Impedance Inputs . . . 1012 0 Typ OUTPUT 


Single-Supply Operation from 1 V to 18 V 


Functionally Interchangeable with the 
NE555; Has Same Pinout 


TRIGGER 
description | 
The TLC551 is a monolithic timing circuit (1) oe 
fabricated using TI’s LinCMOS™ process, which GND 
provides full compatibility with CMOS, TTL, and Reset can override Trigger, which can override Threshold. 


MOS logic and operation at frequencies up to 
2 MHz. Accurate time delays and oscillations are 
possible with smaller, less-expensive timing 
capacitors than the NE555 because of the high 
input impedance. Power consumption is low 
across the full range of power supply voltages. 


Like the NE555, the TLC551 has a trigger level approximately one-third of the supply voltage and a threshold 
level approximately two-thirds of the supply voltage. These levels can be altered by use of the control 
voltage terminal. When the trigger input falls below the trigger level, the flip-flop is set and the output 
goes high. If the trigger input is above the trigger level and the threshold input is above the threshold level, 
the flip-flop is reset and the output is low. The reset input can override all other inputs and can be used 
to initiate a new timing cycle. If the reset input is low, the flip-flop is reset and the output is low. Whenever 
the output is low, a low-impedance path is provided between the discharge terminal and ground. 


While the CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC551 exhibits 
greatly reduced supply-current spikes during output transitions. This minimizes the need for the large 
decoupling capacitors required by the NE555. 
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These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. However, care should 
be exercised in handling these devices as exposure to ESD may result in a degradation of the device 
parametric performance. 


All unused inputs should be tied to an appropriate logic level to prevent false triggering. 


The TLC551C is characterized for operation from O°C to 70°C. 


LinCMOS is a trademark of Texas Instruments. 


PRODUCTION DATA documents contain information Copyright © 1984, Texas Instruments Incorporated 


current as of publication date. Products conform to j 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not | 
necessarily include testing of all parameters. NST. RUMENTS 
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TLO551C 
LinCMOS™ TIMER 


AVAILABLE OPTIONS 


ey ae aE as 
ig seed SMALL-OUTLINE | PLASTIC DIP 
gabe (D) (P) 


0°C 
to 3.8 V TLC551CD TLC551CP 
70°C 


D package is available taped-and-reeled. Add ‘’R’’ suffix to 
device type when ordering (i.e. TLC551CDR). 


FUNCTION TABLE 


RESET TRIGGER THRESHOLD sas sei DISCHARGE 
VOLTAGEt | VOLTAGET VOLTAGEt SWITCH 


<MIN | Irrelevant | Irrelevant | tow | On 
OW 


[smax|>max | >max [tow [on 
As previously established 


T For conditions shown as MIN or MAX, use the appropriate value specified under 
electrical characteristics. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


suply vorege,-Vng-eee Note Tia; se HU. RI a a SE 18 V 
Input vortage. range {any INPUT) Oe ee) ORT el iS Oe ae -0.3 V to Vpp 
Sink: current, clacherge Or OutoUt ia.esncs sorak . De. ee ae ee yea ee 150 mA 
BOUCU CUTOIIT, CLINE veo oc nk so on w v0. 0 3tboe SUD, Sole a hy, Tee EONS RIEL yi wee el Uk © 15 mA 
Continuous total dissipation at (or below) 25°C free-air temperature ................. 460 mW 
Operating free-air temperature range. .......... eed .Qaiegaicee ier, Ui 0°C to 70°C 
Bioreoe temperatine tange os eG ee at Saco oa -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 
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TLC551C 
LinCMOS™ TIMER 


electrical characteristics at specified free-air temperature, Vpp = 1 V 


4 
Threshold voltage level 25°C 0.475 0.67 0.85 
Full range 0.45 0.875 


Se | es See tee 
eT 2 ee Bes eee 
0.15 0.33 0.425 
Trigger voltage level 
— range 0.1 0.45 


ea ee 
eins ete a 
Reset voltage level 

Full range ar aarti i 


Control voltage (open-circuit) as a 
r ge (open-circuit) 66.7% 
percentage of supply voltage 
0.02 0.18 
100 pA V 
Full range somes: 
og 


rae. SS ee 


eS FS Seat 3 
Fal en oe ee 

ee ee 

eee ema oe range Se Sass 


TFull range (MIN to MAX) is O°C to 70°C. 


Threshold current 


Discharge switch on-state voltage loL = 


Discharge switch off-state current 
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TLO551C 
LinCMOS™ TIMER 


electrical characteristics at specified free-air temperature, Vpp = 2 V 


PARAMETER TEST CONDITIONSt MIN TYP MAX | UNIT 


25°C 0.95 1.33 1.65 
rivhica cies ea hiesee lave SRE ‘ 
Full range 0.85 1.756 


so 0.4 Pt 1.5 
Reset voltage level 


a range 0.3 1.8 
soi dad BORA RES TR ey 


Control voltage (open-circuit) as a 66.7% 
percentage of supply voltage 


25°C 0.03 C2 
Discharge switch on-state voltage lo. = 1mA ———— 


25°C EY SS ©: SRR 
High-level output voltage | = —300 pA REE ce eB 
Full range eee | 
RN 5s TG (eerie RS 
Supply current 
Full range RPMS Bi 


TFull range (MIN to MAX) is 0°C to 70°C. 
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TLO551C 
LinCMOS™ TIMER 


electrical characteristics at specified free-air temperature, Vpp = 5 V 


Sew eae 


ee er 
Reset voltage level 
Full range Se at | 5 


Reset current 
Control voltage (open-circuit) as a 
percentage of supply voltage 


Low-level output voltage 


Full range 
7 emcee 5 sa er MES RE eee 
Sie ep sen awe See. re eae SO a oe 


CES 5 
Spek was ee fb 


TFull range (MIN to MAX) is 0°C to 70°C. 
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TLO551C 
LinCMOS™ TIMER 


electrical characteristics at specified free-air temperature, VDp = 15 V 


TEST CONDITIONS? MIN TYP MAX | UNIT 
5 


94510 10.55 
Threshold voltage level Pull tanga 9.35 10.65 V 
ars laa nas 

4.65 55.35 | | 
Full range 4.55 5.45 
RE La RN 1 ASS eens 
32 
a Cal WEE SS A 
Full range 0.3 1.8 
A 
: 
07717 
lol = 100 mA V 
Full range 
SABRES ie Sees ER CR em 
ASSO SP aOR 2 ESL. AS 
25°C 
{RASS Belay PRE Le SS i 3.2 
Full range 
Low-level output voltage IOL = 50mA oe , : V 
lol = 10 mA : ol 
Full range 
RE ie es a Ee 
loOH = -10mA 
Full range 
High-level output voltage lIoOH = -SmMA ~ Bc V 
ee Rie Eee a 
lon = -—1mA : SUBS 
BM cn caren 360 600 
a ianea RD or Saas | Bae eter See as 
Q, 
9) =‘ tFull range (MIN to MAX) is 0°C to 70°C. 
“Tl 
c 
| 
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TLCO551C 
LinCMOS™ TIMER 


electrical characteristics at specified free-air temperature, VpDp = 18 V 


PARAMETER TEST CONDITIONSt 


°o 
Threshold voltage level — 4.4 12 12.6 is js We 2 V 
Full range 10.9 rs 


25°C panes eas 2 
Threshold current bia pA 

MAX 
Trigger voltage level 


25°C 5.6 6 6.4 
V 


25°C 


Trigger current 
26°C 0.4 a 1.5 
Reset voltage level V 
Full range 0.3 1.8 
es Ss ee eS 
‘| Reset current pA 


A 
MAX : 


Control voltage (open-circuit) as a 
percentage of supply voltage 
Discharge switch on-state voltage lol = 100 mA 
ORI SE ae SEEN ie ieee YY ASRS AS 
- n 
z Pompey | Soe aa MR seat 
26°C 0.04 0.3 
Low-level output voltage lo. = 3.2 mA V 
Full range es 
High-level output voltage 1mA wth LE SAES 
igh-level output v - 
9 : ° Full range 17.3 
25°C 420 600 
Supply current 


Full range 
TFull range (MIN to MAX) is 0°C to 70°C. 


operating characteristics, VDp = 5 V, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Initial error of timing interval? Vpop = 5Vto 15 V, 1% 3% Se: 
75 


of timing interval Cr = 0.1 pF, See Note 2 
eS 
astable mode Cr = 200 pF, See Note 2 


tTiming interval error is defined as the difference between the measured value and the nominal value of a random sample. 
NOTE 2: Ra, Rp, and Cr are as defined in Figure 1. 
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TYPICAL APPLICATION DATA 


VppD 


Ra 


— 


FIGURE 1. CIRCUIT FOR ASTABLE OPERATION 
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Very Low Power Consumption... 2 mW 


Typ at Vpp = 5V 
Capable of Operation in Astable Mode 


CMOS Output Capable of Swinging Rail to 
Rail 


@® High Output-Current Capability 
... Sink 100 mA Typ 
... Source 10 mA Typ 


® Output Fully Compatible with CMOS, TTL, 
and MOS 


@ Low Supply Current Reduces Spikes During 
Output Transitions 


High-Impedance Inputs . . . 1012 Q Typ 
Single-Supply Operation from 1 V to 18 V 


Functionally Interchangeable with the 
NE556; Has Same Pinout 


description 


The TLC552 is a monolithic timing circuit 
fabricated using Tl’s LinCMOS™ process, which 
provides full compatibility with CMOS, TTL, and 
MOS logic and operation at frequencies up to 
2 MHz. Accurate time delays and oscillations are 
possible with smaller, less-expensive timing 
Capacitors than the NE555 because of the high 
input impedance. Power consumption is low 
across the full range of power supply voltages. 


Like the NE556, the TLC552 has a trigger level 
approximately one-third of the supply voltage 
and a threshold level approximately two-thirds 
of the supply voltage. These levels can be altered 
by use of the control voltage terminal. When the 
trigger input falls below the trigger level, the flip- 
flop is set and the output goes high. If the trigger 
input is above the trigger level and the threshold 
input is above the threshold level, the flip-flop 
is reset and the output is low. The reset input 


TLC552C 
DUAL LinCMOS™ TIMER 


D2796, FEBRUARY 1984—REVISED MAY 1988 


D OR N PACKAGE 


(TOP VIEW) 
DSCH[]1 141] Vpp 
THRES []2 131] DSCH 
TIMER CONT [3 121] THRES 
#1 RESET [ }4 111} CONT TIMER 
OUT[]5 10|_] RESET #2 
TRIG | |6 91 | OUT 


GND (]7 8|_}] TRIG 


functional block diagram (each timer) 


Vpp 
CONTROL 


RESET 


THRESHOLD 
OUTPUT 


TRIGGER 


GND DISCHARGE 


Reset can override Trigger and Threshold. 
Trigger can override Threshold. 


AVAILABLE OPTIONS 


SYMBOLIZATION 


can override all other inputs and can be used to initiate a new timing cycle. If the reset input is low, the 
flip-flop is reset and the output is low. Whenever the output is low, a low-impedance path is provided 


between the discharge terminal and ground. 


While the CMOS output is capable of sinking over 100 milliamperes and sourcing over 10 milliamperes, 
the TLC552 exhibits greatly reduced supply-current spikes during output transitions. This minimizes the 
need for the large decoupling capacitors required by the NE556. 


LinCMOS is a trademark of Texas Instruments. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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OPERATING ” 
DEVICE eer TEMPERATURE RANGE & 
SUFFIX Oo 
Tucss2c] DN | O° to 70°C 3 
The D packages are available taped and reeled. Add the suffix R to = 
the device type when ordering. (i.e. TLC552CDR) LL. 
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TLO552C 
DUAL LinCMOS™ TIMER 


description (continued) 


These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 volts as tested under MIL-STD-883C, Method 3015.2. However, care should 
be exercised in handling these devices as exposure to ESD may result in a degradation of the device 
parametric performance. 


All unused inputs should be tied to an appropriate logic level to prevent false triggering. 
The TLC552C is characterized for operation from O°C to 70°C. 
FUNCTION TABLE 
RESET TRIGGER THRESHOLD DISCHARGE 
OUTPUT 
VOLTAGEt VOLTAGEt VOLTAGEt SWITCH 
L 


< MIN Irrelevant 


TFor conditions shown as MIN or MAX, use the appropriate value specified under electrical 
characteristics. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUE AUC PPAR LI Ss i cc ke ee Ok ye Eee oe ele dp eR oe, 18 V 
DNR = Sra a TRENT ea as oa. sy ayaa on WMA. gaa he Wied algae Gabe sae -—0.3 V to Vpp 
Sit CUNTENIE, CIRGIINIOO OF OODUL ccs. . 50 oF s btece Sk we ec koara poo ate ww 9% letacore a ete eos 150 mA 
See P OE BPs Tg ate 2 RAG Se 2 > 7 aoe eer Lona REN eth tet Re ALR le Ray eth 15 mA 
aes COMA IININTIONS .o 8. oc UhS svn we tesa) eee ee ee See Dissipation Rating Table 
Grmpentities 1hGO-8ir TINHerature [HAGR.. 6... a lig ER eke Ole ee ck Bee weep oe 0°C to 70°C 
Sener sO TINIE MI gS es oe fae. ace 2 we Cee ree og a ad =-65°C to T50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


PACKAGE POWER DERATING 
RATING FACTOR A 


D 950 mW 7.6 mW/°C 25°C 
1150 mW 9.2 mW/°C 25°C 


recommended operating conditions 


Ea a ee ee Se RE BER Bede iE OS 
Supply voltage, Vpp me RRS ee ee Bae 
Operating free-air temperature, Ta re) 70 
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TLO552C 
DUAL LinCMOS™ TIMER 


electrical characteristics at specified free-air temperature, VDD = 1 V 


PARAMETER TEST CONDITIONST 


75 
} 0.15 0.33 0.425 
Trigger voltage level 
Full range 0.1 1.45 
a Na Sa See 2S ee ae ee os 
2p : 


ON — 7 4 
Reset voltage level V 
Full range 
SH eee A 
eset curren 
: : 
Control volt n-circuit) a 
ontrol voltage (open-circuit) as a MAX 66.7% 
percentage of supply voltage 
BOT ae te 0.02 0.15 | | 
a eae Full range 


4 
1 


Discharge switch on-state voltage 


Discharge switch off-state current 


26°C 
Low-level output voltage 
Full range 
High-level output voltage 
Supply current 


T Full range (MIN to MAX) is O°C to 70°C. 
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TLO552€ 
DUAL LinCMOS™ TIMER 


electrical characteristics at specified free-air temperature, VpDp = 2 V 


PARAMETER UNIT 
0.95 
Trigger voltage level 1.05 
Trigger current 
0.4 a : 
Reset voltage level 


no] 
< > 


Oo 
Ww 


Ro) 


oO 
w 


A 


V 


Full range ora 
0.1 
nA 


p 
Ea 

0.07 

| =-1-mA V 

Full range piv 
26°C 
15 eA Mies CONE BER ss SA ETERS 
Full range eed 
130 5 


0 
A 
Full range 80 


0 
0 


tT Full range (MIN to MAX) is O°C to 70°C. 
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TLC552C 
DUAL LinCMOS™ TIMER 


electrical characteristics at specified free-air temperature, Vpp = 5 V 


PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 
283338 
| 


Full range ; 


Trigger current 


Ramat tude ii 25°C 0.4 1.1 y 
isang ia: pS Full range 0.3 1.8 
BER ee De aan SS 
pA 


25°C 
ReaRRES ae Pa a 
Full range Es eee 


Full range Bo i 
Dee x IEEE Se 
ow-level output voltage Full range 
High-level t volt — 
igh-level output voltage Full range 


008 0.3 
= -3.2-mA 
Full range 
4.1 4.8 
V 
340 700 
pA 


tT Full range (MIN to MAX) is O°C to 70°C. 
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TLO552C 
DUAL LinCMOS™ TIMER 


electrical characteristics at specified free-air temperature, Vpp = 15 V 


PARAMETER TEST CONDITIONSt MIN TYP MAX | UNIT 


| 
Trigger voltage level 
Full range 
Reset voltage level 
Full range 
Reset current 
Control voltage (open-circuit) as a 
MAX 
percentage of supply voltage 
Full range 
Sa ge hh ee eee 
RARE SaaS eae | AR 
Low-level output voltage 
Full range EIS ceeree = 
012 0.3 
Full range PROG SRT 


Trigger current 


125142 
Ful ange aa 
° 
High-level output voltage 13.5 14.6 
Full range 
25°C 

Full range 

o Te 

Supply current 

i) 

Q, 

0) |Full range (MIN to MAX) is 0°C to 70°C. 
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TLO552€ 
DUAL LinCMOS™ TIMER 


electrical characteristics at specified free-air temperature, VDpp = 18 V 


PARAMETER TEST CONDITIONST 


Trigger voltage level 
Full range 


Tri t 
ncaa MAX 
25°C 0.4 1.1 1.5 


Reset voltage level 
: oo Full range 0.3 


Reset current 


Control voltage (open-circuit) as a 
percentage of supply voltage 


Full range 


T Full range (MIN to MAX) is O°C to 70°C. 


operating characteristics, Vpp = 5 V, TA = 25°C (unless otherwise noted) 


TEST CONDITIONS MIN TYP MAX | UNIT 


PARAMETER 


Initial error of timing interval* Vpp = 5Vto 15 V, 1% 3% ees eo 
| It nsitivit R Re = 1 kQ to 100 kQ, 
RORY ve age sensitivity A B aS O68 cine 3 
of timing interval Cr = 0.1 pF, See Note 2 ‘~~ 
Output pulse rise time 20 75 © 
ee chk : 
Output pulse fall time ae ee S 
i Ra = 4702, Rg = 200 2, 
Maximum frequency in A B 12 28 MHz LL. 
astable mode Cr = 200 pF, See Note 2 w 
NOTE 2: Ra, Rp, and CT are as defined in Figure 1. ‘O 
+Timing interval error is defined as the difference between the measured value and the nominal value of a random sample. So 
” 
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TYPICAL APPLICATION DATA 
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FIGURE 1. CIRCUIT FOR ASTABLE OPERATION 
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TLC555M, TLC5551, TLC555C 
LinCMOS™ TIMERS 


D2784, SEPTEMBER 1983—REVISED OCTOBER 1988 


Very Low Power Consumption... 1 mW TLCS55M . . . JG PACKAGE 
Typ at Vpp = 5V TLC555!1, TLC555C .. . D OR P PACKAGE 


(TOP VIEW) 


@ Capable of Operation in Astable Mode 


@ CMOS Output Capable of Swinging Rail to 
Rail 


@® High Output-Current Capability 
... Sink 100 mA Typ 
... Source 10 mA Typ 


TLCS55M . . . FK PACKAGE 


® Output Fully Compatible with CMOS, TTL, (TOP VIEW) 
and MOS a oa 
is 42:8 
@ Low Supply Current Reduces Spikes During 20272 
Output Transitions wea ge 
High-Impedance Inputs . . . 1012 2 Typ NC 4 1is[] NC 
TRIG [J 5 170) DISCH 


@ Single-Supply Operation from 2 V to 18 V 


NC [)6 16[} NC 
Functionally Interchangeable with the OUT )7 15(] THRES 
NE555; Has Same Pinout NC fs 14(] NC 


9 13 
description Ge OKO 
Fu? 22 
The TLC555 is a monolithic timing circuit uw 2 
fabricated using TI’s LinCMOS™ process, which “ra 
provides full compatibility with CMOS, TTL, and NC—No internal connection 


MOS logic and operation at frequencies 

up to 2 MHz. Accurate time delays and oscillations are possible with smaller, less-expensive timing 
capacitors than the NE555 because of the high input impedance. Power consumption is low across the 
full range of power supply voltage. 


Like the NE555, the TLC555 has a trigger level approximately one-third of the supply voltage and a threshold 
level approximately two-thirds of the supply voltage. These levels can be altered by use of the control 
voltage terminal. When the trigger input falls below the trigger level, the flip-flop is set and the output 
goes high. If the trigger input is above the trigger level and the threshold input is above the threshold level, 
the flip-flop is reset and the output is low. The reset input can override all other inputs and can be used 
to initiate a new timing cycle. If the reset input is low, the flip-flop is reset and the output is low. Whenever 
the output is low, a low-impedance path is provided between the discharge terminal and ground. 


While the CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC555 exhibits 
greatly reduced supply-current spikes during output transitions. This minimizes the need for the large 
decoupling capacitors required by the NE555. 


These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015. However, care should 
be exercised in handling these devices, as exposure to ESD may result in degradation of the device parametric 
performance. 


Special Functions ee 


All unused inputs should be tied to an appropriate logic level to prevent false triggering. 


The TLC555M is characterized for operation over the full military temperature range of —55°C to 125°C. 
The TLC555! is characterized for operation from —40°C to 85°C. The TLC555C is characterized for 
operation from O°C to 70°C. 


LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information : Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to | 
specifications per the terms of Texas Instruments Ti 
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TLC555M, TLC5551, TLC555C 
LinC¢MOS™ TIMERS 


AVAILABLE OPTIONS 
ae SMALL OUTLINE | CHIP CARRIER | CERAMIC DIP | PLASTIC DIP 
(D) (FK) (JG) (P) 


2V 
t TLC555CD TLCS555CP 
18 V 


i@) 
3V 
18 V 
5 V 
Hoo 
18 V 


The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLC555CDR). 


FUNCTION TABLE 


RESET TRIGGER THRESHOLD DISCHARGE 
[<Min | Irrelevant | relevant | tow | On 
[SMax | <MIN | Irrelevant | High | off _| 


[~smax__|_>Max | >Max | tow | on 
As previously established 


T For conditions shown as MIN or MAX, use the appropriate value specified under 
electrical characteristics. 


functional block diagram 
CONTROL RESET 


THRESHOLD 


TRIGGER 


Y”) 
© 
© 
<2, 
>. 
"Tl 
c 
= 
9 
S. 
° 
= 
” 


GND 


Pin numbers are for all packages except FK. 
Reset can override Trigger, which can override Threshold. 
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TLC555M, TLC5551, TLC555C 
LinCMOS™ TIMERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


15 15 
Continuous total power dissipation See Dissipation Rating Table 


Operating free-air temperature range 0 to 70 
Storage temperature range 
Case temperature for 60 seconds 


Lead temperature 1,6 mm (1/16 inch) 

JG package 
Lead temperature 1,6 mm (1/16 inch) aD acevend 
from case for 10 seconds : ’ 


NOTE 1: All voltage values are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


Ta < 25°C  DERATINGFACTOR- Ta, = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWERRATING POWERRATING POWER RATING 
725 mW 5.8 mW/°C 


PACKAGE 


1375 mW 11.0 mW/°C 
1050 mW 8.4 mW/°C 
1000 mW 8.0 mW/°C 
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TLC5551, TLC555C 
LinCMOS™ TIMERS 


electrical characteristics at specified free-air temperature, Vpp = 3 V for TLC555I, Vpp = 2 V for 


TLC555C 
TLC555I a ee 
ae ————EE————E—————— 
Fulrengs [6 2b [oes ae 
ee SN ORT RES 
crake sal ST RS OT 
<i LR O71 1.0128 | 04 0.67 088 
r 
bic na furenge [011.38 [031.05 
i Seas CS ee eT 
re ae SS ee eee 
V 
Fil eageO8" Tt ta | Games oF ele 
me a ee eee 
Control voltage (open-circuit) as a MAX 66.7% 66.7% 
percentage of supply voltage 
| 26°C fF 003 0.2)|- 0.03.02 | 
Discharge switch on-state voltage lol = 1mA Full range | 
ie el Ce 
SE Re as a ae 
a oe Se 
Aiegs dates sell | Full range | 
i a x Se 
eh epen eee ay ae 
Ee : On | ealeane. 
eae Oe 
ie eS) PSS 
i al Fal rnge [600.4001 


TFull range (MIN to MAX) is —40°C to 85°C for TLC5551 and 0°C to 70°C for TLC555C. 
NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge 
terminal or to the Trigger terminal. 
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TLC555M, TLC5551, TLC555C 
LinCMOS™ TIMERS 


electrical characteristics at specified free-air temperature, Vpp = 5 V 


TLCS56M TLCS556I TLC556C 
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX 
8 ; : 


2.8 3.3 3.8 2.8 3.3 3.8 2. 


Trigger current 
Reset voltage level 


Low-level output voltage 


TFull range (MIN to MAX) is —55°C to 125°C for TLC555M, —40°C to 85°C for TLC5551, and O°C to 70°C for TLC555C. 
NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge terminal or 
to the Trigger terminal. 
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TLC555M, TLC5551, TLC555C 
LinCMOS™ TIMERS 


electrical characteristics at specified free-air temperature, VDp = 15 V 


PARAMETER TEST CONDITIONSt bracts bi oe UNIT 
say: TYP MAX MIN TYP MAX | MIN | MIN TYP MAX | MAX 

Ns ae foe 9.45 10.55 | 9.45 10 10.55 | 9.45 10.55 

reshold voltage leve press 

Full range 9.35 10.65 

cae Se Bn ARES Rite! 
Trigger voltage level 
Trigger current 


Full range 
Ree Paes 
eset voltage leve ae 


i 
“8 
ry 
= 
a 
@ 


—s 
. 


Control voltage (open-circuit) as a 66.7% 
percentage of supply voltage 
Diesioee tales tagal bed 100 
ischarge switch on-state voltage OL: * mA ra ies 
: ° 7 ; . po RR 
ischarge switch off-state current r MAX | 
Ot en [Fut range 
ane ay 
a 1a 
oc earatal 


Full ange] 12 


ull range 


66.7% 66.7% 


~ 


= 
= 
® 
= 
a 
@ 


n 
& 
= 
@ 
3 

a 
) 


Low-level output voltage 


aa 
I 
a 
® 
=] 

© 
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@® 


7 
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=] 
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be 


High-level output voltage ; 
Full range 


25°C 
Supply current See Note 2 Ee aaoe 
Full range 


TFull range (MIN to MAX) is — 55°C to 125°C for TLC555M, —40°C to 85°C for TLC555I, and O°C to 70°C for TLC555C. 
NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge terminal or 
to the Trigger terminal. 
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TLC555M, TLC5551, TLC555C 
LinCMOS™ TIMERS 


electrical characteristics at specified free-air temperature, Vpp = 18 V 


TLC556M 
PARAMETER TEST CONDITIONSt 
TYP MAX 
25°C 
Threshold voltage level 
Threshold current pS 
Trigger voltage level ce 
ctiomeret | te 
25°C 0.4 : ‘ 
Reset voltage level 
| ot iE —- — 


TLC5561 
MIN TYP MAX 


TLC556C 
MIN TYP MAX 


Full range} 10.9 2 2. 


25°C 


~ 
a 


—_ 
~N 
—_ 
oO 
© 
ont 
~ 
=" 
oO 
© 
= 
Le) 
~ 


25°C 5.6 


fo>) 
fo) 
hp 
o 
re) 
re) 
rp) 
hb 
a 
ro) 
ro) 
fo>) 
hp 


Full range 
25°C 


— 
— 
— 
o 
oO 
hp 
— 
—_ 
_ 
oO 
~I 
o 


~ 

a 
D 
> 


= 
oO 


Control voltage (open-circuit) as a 
percentage of supply voltage 
Discharge switch on-state voltage} Io, = 
Full range 
26°C 

Discharge switch off-state current 

25°C 0.04 
Low-level output voltage lo. = 3.2 mA 

25°C 17.3). -17:9 17.3 7.9 ANS Ham 
High-level output voltage Vv 


26°C 
Supply current See Note 2 A 
sien cert | Seow Full range 800 


TEull range (MIN to MAX) is —55°C to 125°C for TLC555M, —40°C to 85°C for TLC5551, and O°C to 70°C for TLC555C. 
NOTE 2: These values apply for the expected operating configuration in which the Threshold terminal is connected directly to the Discharge terminal or to 
the Trigger terminal. 
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operating characteristics, Vpp = 5 V, TA = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Initial error of timing interval* Vpp = 5Vto 15 V, 


Supply voltage sensitivity = = Rp = 1 kQ to 100 kQ, 
of timing interval 


= 0.1 pF, See Note 3 
Output pulse rise sib - 10 Mo, a S688 
Output pulse fall time 
Maximum frequency in = 4702, = 2002, 
astable mode to 200 pF, tk Note 3 
+Timing interval error is defined as the difference between the measured value and the average value of a random sample from each process 


run, 
NOTE 3: ‘Ra, Rp, and Cr are as defined in Figure 1. 


MIN TYP MAX 
3% 
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TLC555M, TLC5551, TLC555C 
LinCMOS™ TIMERS 


TYPICAL APPLICATION DATA 


Vpp 


OUTPUT 


Pin numbers are for all packages except FK. 


FIGURE 1. CIRCUIT FOR ASTABLE OPERATION 


suo oun, jeiseds = 
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TLCS56M, TLC5561, TLC556C 
DUAL LinCMOS™ TIMERS 


D2796, FEBRUARY 1984—REVISED OCTOBER 1988 


@ Very Low Power Consumption... 2 mW TLC556M . . . J PACKAGE 
Typ at Vpp = 5V ' TLC5561, TLC556C .. . D OR N PACKAGE 
: (TOP VIEW) 
Capable of Operation in Astable Mode 
DSCH[]1 U141]Vpp 
CMOS Output Capable of Swinging Rail to THRES[]2 131 ]DSCH 
Rail TIMER J CONT[]3  i2f]THRES 


® High Output-Current Capability #1 RESET| }4 111 ]JCONT TIMER 
... Sink 100 mA Typ OUT[]5 10] JRESET #2 
... Source 10 mA Typ TRIG|_]6 9| JOUT 
GND 8} |TRIG 
® Output Fully Compatible with CMOS, TTL, 
and MOS 


TLCO556M .. . FK PACKAGE 
@ Low Supply Current Reduces Spikes During (TOP VIEW) 


Output Transitions Or = 

eo D 
High-Impedance Inputs . . . 1012 0 Typ x 2 ao 
Single-Supply Operation from 2 V to 18 V Sac = - 
Functionally Interchangeable with the 


NE556; Has Same Pinout #1 CONT [4 18(}42 THRES 
NC {]5 17LINC 
description #1 RESET [6 16(]#2 CONT 


The TLC556 is a monolithic timing circuit NC U7 1sjNC 
fabricated using TI’s LinCMOS” process, which #1 OUT {)8 14(]#2 RESET 


provides full compatibility with CMOS, TTL, and aT 
MOS logic and operation at frequencies up to QOUOr 

be soe See ae a 
2 MHz. Accurate time delays and oscillations are re SRS 
possible with smaller, less-expensive timing = Q 


capacitors than the NE556 because of the high . 
input impedance. Power consumption is low N€=No internal connection 
across the full range of power supply voltages. 


Like the NE556, the TLC556 has a trigger level approximately one-third of the supply voltage and a threshold 
level approximately two-thirds of the supply voltage. These levels can be altered by use of the control 
voltage terminal. When the trigger input falls below the trigger level, the flip-flop is set and the output 
goes high. If the trigger input is above the trigger level and the threshold input is above the threshold level, 
the flip-flop is reset and the output is low. The reset input can override all other inputs and can be used 
to initiate a new timing cycle. If the reset input is low, the flip-flop is reset and the output is low. Whenever 
the output is low, a low-impedance path is provided between the discharge terminal and ground. 


While the CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC556 exhibits 
greatly reduced supply-current spikes during output transitions. This minimizes the need for the large 
decoupling capacitors required by the NE556. 
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These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015. However, care should 
be exercised in handling these devices as exposure to ESD may result in degradation of the device parametric 
performance. 


All unused inputs should be tied to an appropriate logic level to prevent false triggering. 


The TLC556M is characterized for operation over the full military temperature range of —55°C to 125°C. 
The TLC556l is characterized for operation from —40°C to 85°C. The TLC556C is characterized for 
operation from O°C to 70°C. 


LinCMOS is a trademark of Texas Instruments Incorporated. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


PRODUCTION DATA documents contain information 7 Copyright © 1984, Texas Instruments Incorporated 
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TLC556M, TLC556I, TLCS56C 
DUAL LinCMOS™ TIMERS 


AVAILABLE OPTIONS 


th Ginn Eset “Se nS ee Se 
M TLINE as DIP 
RANGE | RANGE | SMALL oH CHIP ae ae DIP 


0°C 
70°C 18 V 
-40°C 3V 
| 
85°C 18 V 
- 55°C 5 V 
Stel [=| 
125°C 18 V 


The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLC556CDR). 


FUNCTION TABLE 


RESET TRIGGER THRESHOLD DISCHARGE 
See ates ae ee an 


[—>max | >Max | >Max | tow | On 
As previously established 


T For conditions shown as MIN or MAX, use the appropriate value specified under 
electrical characteristics. 


functional block diagram (each timer) 


Vpp RESET 


wm 
es THRESHOLD 
Qo. OUTPUT 
2 
“Tl 
¢ 
a 
Q TRIGGER 
2) 
= fi 
GND DISCHARGE 
Reset can override Trigger and Threshold. 
Trigger can override Threshold. 
TEXAS he 
4-204 
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TLC556M, TLC556I, TLC556C 
DUAL LinCMOS™ TIMERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLC5561 TLC556C UNIT 
RES COI RS Se 
-0.3 to Vpp -0.3 to Vpp 
GASES! 8 ae NS CE a: 


Continuous total power dissipation See Dissipation Rating Table 


Operating free-air temperature range - 40 to 85 
Storage temperature range i ke a ea 


Case temperature for 60 seconds FK package 
Lead temperature 1,6 mm (1/16 inch) 
from case for 60 seconds 


Lead temperature 1,6 mm (1/16 inch) 
D or N package 
from case for 10 seconds 


NOTE 1: All voltage values are with respect to network ground terminal. 


J package 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Tg = 25°C POWER RATING POWER RATING POWER RATING 
950 mW 7.6 mW/°C 


_PACKAGE 


1375 mW 11.0 mW/°C 
1375 mW 11.0 mW/°C 
1150 mW 9.2 mW/°C 
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TLC5561, TLC556C 
DUAL LinCMOS™ TIMERS 


electrical characteristics at specified free-air temperature, VDp = 3 V for TLC556I, Vpp = 2 V for 
TLC556C 


PARAMETER TEST CONDITIONS? 


TLC5561 TLCS556C 
MIN TYP MAX | MIN TYP MAX | UNIT 


2eec, | 1.6 20 =2.4 10.95 1.33 1.65 | 
Full range Rr Bema 4 0.85 1.75 
Dieaienistete: —————— ae 
r r 
Piwax |, 10 ce] omoenyge nc 
ri 
Fullrange |0.61 1.301 03 _+1.08_ 
r r r 
a R'E I. ES 
ah Satie eS ee 
eS age | Full range | 
Fullrangs| 03-18, 03 ~+18) 
OM ae eee ee 
Control voltage (open-circuit) as a MAX 66.7% 66.7% 
percentage of supply voltage 
ey eos Om 0040.2 
Discharge switch on-state voltage lol = 1mMmA 0.375 2h oe 
Discharge switch off-state current pS 
| r I ~ 
ee ors | Full range | 
Full range 
High-level output voltage | 300 pA 
reer ey Be Pog. er 
Full range 
te | Full range _ 
Full range 


TFull range (MIN to MAX) is —40°C to 85°C for TLC556I and 0°C to 70°C for TLC556C. 


NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge 
terminal or to the Trigger terminal. 
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TLE556M, TLC5561, TLC556C 
DUAL LinCMOS™ TIMERS 


electrical characteristics at specified free-air temperature, VDpp = 5 V 


TLCS56M TLC5561 TLC556C 
PARAMETER TEST CONDITIONSt 


MIN TYP MAX MIN TYP MAX MIN TYP MAX 
Threshold voltage level 


ee a SS a a Se 
Trigger voltage level 
ull range 


: : < 
| LES 3 | : | | : | 
Ce eee ee 
rigger curren 
Reset voltage level —— 


Control voltage (open-circuit) as a 


percentage of supply voltage 


25°C 
Discharge switch on-state voltage} Io, = 10 mA Ful range! 
Full range 
ischarge switch off-state curren MAX 
8 Bee | 28eG 3 
Full range 

= 5m 

o Full range 
igh-level output voltage Falt-renge! 
Full range 
upply current ee Note Full range 
Full range 


TFull range (MIN to MAX) is — 55°C to 125°C for TLC556M, — 40°C to 85°C for TLC556I, and 0°C to 70°C for TLC556C. 
NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge terminal or 
to the Trigger terminal. 


Low-level output voltage 


Special Functions 
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TLC556M, TLC5561, TLC556C 
DUAL LinCMOS™ TIMERS 


electrical characteristics at specified free-air temperature, VpDp = 15 V 
TLC556M 


TLC5S6I TLC556C 
PARAMETER TEST CONDITIONS* UNIT 
TYP MAX | MIN TYP MAX TYP MAX 
pecegia | Gee ELE 10.55 | 9.45 10.55 | 9.45 10.55 
reshold voitage leve 
25°C 
Threshold current 
25°C 
Trigger voltage level 


TN 
¢ 
7 
® 
=] 
is) 
[3) 


rigger current MAX 
Reset voltage level smesG 40 
ee ee 
Control voltage (open-circuit) as a 
percentage of supply voltage 


| MAX 
rom [mr 


5° 
ra 
ues _ my: 
ischarge switch on-state voltage mA 
: 
Discharge iveltohh off-state current 
ra 
r 
r 
ra 
r 


C 
Full range 
| 
ed Full range 
ae 
5 aa cee 
Full range 
ow-level output voltage OL = m Fae 
Full range 
| 
a Full range 
Full range 
Full range 


a 
a 


1 ase 5 aes 


oO 
Ww 


fou ~-10 

High-level output voltage ton = -8ma | 
ene he 

Full range 


ee Coe oer 


TFull range (MIN to MAX) is — 55°C to 125°C for TLC556M, —40°C to 85°C for TLC556i, and 0°C to 70°C for TLC556C. 
NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge terminal or 
to the Trigger terminal. 
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TLC556M, TLC5561, TLC556C 
DUAL LinCMOS™ TIMERS 


electrical characteristics at specified free-air temperature, VDp = 18 V 


Threshold current 


Trigger voltage level 


Trigger current 
Reset voltage level 


Reset current 


TFuil range (MIN to MAX) is —55°C to 125°C for TLC556M, —40°C to 85°C for TLC556I, and O°C to 70°C for TLC556C. 
NOTE 2: These values apply for the expected operating configuration in which the Threshold terminal is connected directly to the Discharge terminal or to 
the Trigger terminal. 
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TLC556M, TLC5561, TLC556C 
DUAL LinCMOS™ TIMERS 


operating characteristics, Vpp = 5 V, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Vpp = 5V to 15V, ee 2S 
20. 75 


Ra = Rp = 1 kQ to 100 kQ, % IV 
Cr = 0.1 pF, See Note 3 
geet. ae: oe 
Maximum frequency in Ra = 4709, Re = 2002, 
astable mode Cr = 200 pF, See Note 3 
TTiming interval error is defined as the difference between the measured value and the average value of arandom sample from each process 


run. 
NOTE 3: Ra, Rp, and Cr are as defined in Figure 3. 


TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIMES 
TO DISCHARGE OUTPUT 
FROM TRIGGER AND THRESHOLD 


DISCHARGE SWITCH ON-STATE RESISTANCE SHORTED TOGETHER 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Discharge Switch On-State Resistance — 


tPHL. tpLH—Propagation Delay Times—ns 


1 
-—-75 -50 -25 0O 25 50 75 100 125 oe 6-3-4032" 34: 36 46:26 
Ta—Free-Air Temperature— °C Vpp—Supply Voltage—V 
FIGURE 1 +The effects of the load resistance on these values must be taken 


into account separately. 


FIGURE 2 
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TLC556M, TLC556i, TLC556C 
DUAL LinCMOS™ TIMERS 


TYPICAL APPLICATION DATA 


Vpp 


tpLH te} 


CIRCUIT TRIGGER AND THRESHOLD VOLTAGE WAVEFORM 
FIGURE 3. ASTABLE OPERATION 


Connecting the trigger input to the threshold input, as shown in Figure 3, causes the timer to run as a 
multivibrator. The capacitor Ct charges through Ra and Rg to the trigger voltage level (approximately 
0.67Vpp) and then discharges through Rg only to the value of the threshold voltage level (approximately 
0.33Vpp). The output is high during the charging cycle (ty) and low during the discharge cycle (tL). The 
duty cycle is controlled by the values of Ra, Rp, and CT, as shown in the equations below. 


tH = CrT(Ra + Rp) In 2 (In 2 = 0.693) 
tL = CT Rp in 2 
Period = ty + th = CT (RA + 2Rp) In 2 


cs tL higy eres. ee 

Output driver duty cycle = tH + tL Mel Ra + 2Rp 

O f d ka il 
utput waveform duty cycle = tH tL asi Ra + 2Rp 


The 0.1-uF capacitor at the control pin in Figure 3 decreases the period by about 10%. 


The formulas shown above do not allow for any propagation delay from the trigger and threshold inputs 
to the discharge output. These delay times add directly to the period and create differences between 
calculated and actual values that increase with frequency. In addition, the discharge output resistance 
ron adds to Rpg to provide another source of error in the calculation when Rg is very low or rgn is very high. 


The equations below provide better agreement with measured values. 


if 
tH = CT (Ra + Rp) rf — v0 (ora) + tPHL 


sae 
tL = CT (Rp + ron) rf — exp (eritttea) + tPLH 


Exas 


Special Functions bs 
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TLC556M, TLC5561, TLC556C 
DUAL LinCMOS™ TIMERS 
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The preceding equations and those given earlier are similar in that a time constant is multiplied by the 
logarithm of a number or function. The limit values of the logarithmic terms must be between In 2 at low 
frequencies and In 3 at extremely high frequencies. For a duty cycle close to 50%, an appropriate constant 
tH 
tH +tL 


for the logarithmic terms can be substituted with good results. Duty cycles less than 50% will 


require that - < 1 and possibly RA <S ron. These conditions can be difficult to obtain. 
In monostable applications, the trip point of the trigger input can be set by a voltage applied to the 


control pin. An input voltage between 10% and 80% of the supply voltage from a resistor divider 
with at least 500 yA bias provides good results. 
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uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


D922, NOVEMBER 1970—REVISED APRIL 1988 


200-MHz Bandwidth uA733M ...J DUAL-IN-LINE PACKAGE 
uA733C ...D OR N PACKAGE 


(TOP VIEW) 


250-k2 Input Resistance 


Selectable Nominal Amplification of 10, 


100, or 400 In+ C1 U raf] In- 


NC LJ2 131} NC 
No Frequency Compensation Required GAIN ADJ 2A L]3 121] GAIN ADJ 2B 


Designed to be Interchangeable with GAIN ADJ 1A [}4 111} GAIN ADJ 1B 


Fairchild »A733M and »A733C Vcc - 101] Voc + 
NC L]6 91 | NC 


OUT+ []|7 s| | OUT — 


description 
The uA733 is a monolithic two-stage video NC —No internal connection 
amplifier with differential inputs and differential 
outputs. UA733M . . . U FLAT PACKAGE 


(TOP VIEW) 


Internal series-shunt feedback provides wide 


bandwidth, low phase distortion, and excellent IN+ L| 
gain stability. Emitter-follower outputs enable GAIN ADJ 2A L]2 
the device to drive capacitive loads and all stages GAIN ADJ 1A LJ3 
are current-source biased to obtain high VeeL 
common-mode and supply-voltage rejection OUT+ LJ5 
ratios. 


Fixed differential amplification of 10, 100, or symbol 
400 may be selected without external 
components, or amplification may be adjusted 
from 10 to 400 by the use of a single external 
resistor connected between 1A and 1B. No 
external frequency-compensating components 
are required for any gain option. IN— 


GAIN ADJUST 1A 
GAIN ADJUST 2A 


IN+ 


The device is particularly useful in magnetic-tape 


as : GAIN ADJ 
or disc-file systems using phase or NRZ encoding eae 


and in high-speed thin-film or plated-wire GAIN ADJUST 2B eo 
memories. Other applications include general ro) 
purpose video and pulse amplifiers where wide bandwidth, low phase shift, and excellent gain stability “ga 
are required. = 
The uA733M is characterized for operation over the full military temperature range of — 55°C to 125°C; =) 
the uA733C is characterized for operation from 0°C to 70°C. Pp: 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) Po 
Pellet ee 
Supwtage vec, Gute | tt ee ee ee 
Suomvdaevec Gale i |. 
fae et ee 
[Storage temperature range SSCSC~C~“~*~*“‘*~*S*S*S*~*~“~*S*S*~“‘~*S*S*S*S*S*S CB to 1GO_[ 6H to 160] °C 
[Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | DorNpackage | ———S«dY S60 
NOTE 1. All voltage values, except differential input voltages, are with respect to the midpoint between Vcc + and Vcc-. 
PRODUCTION DATA documents contain information . Copyright © 1979, Texas Instruments Incorporated 
current as of publication date. Products conform to | 
specifications per the terms of Texas Instruments vi 
Simanoiy Gaels sting of Ll poruvers. INSTRUMENTS saci 
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uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING DERATE Ta = 70°C Ta = 125°C 
POWER RATING FACTOR ABOVE Tag POWERRATING POWER RATING 
D 500 mW N/A N/A 


PACKAGE 


J (uA733M) 500 mW 11.0 mW/°C 104°C 
N 500 mW N/A N/A 
U 500 mW 5.4 mW/°C 57°C 


electrical characteristics, VCC + = 6 V, Vcc-— = -6 V, Ta = 25°C 


TEST GAIN uA733M uA733C 
rere FIGURE eee OPTION'| MIN TYP MAX{| MIN TYP MAX = 


A 


Large-signal differential bisa de — ans ok OR A te 
Avp ror V gee ay 100 110} 80 100 120] viv 
OD = 
suites eisen Tae ee 
input offeetciment. [Sip CA A ee Farid ost ON Seo) Suh OPASK aS Ay AL 
ae ee 
Common-mode 
input voltage range 
Common-mode y 
output voltage ’ , 
Maximum peak-to-peak 
VOPP “oy. V¥ 
output voltage swing 
| : cara a 
ple Mutu eeeteenning Yn enibans Sau ho f 
n Se ee Yop = 1V pera | iF 
3 Common-mode Vic = £1V, f < 100 kHz feu i] 
o) rejection ratio Vic = +1V, f = 5 MHz neha 2 
A). Supply voltage 
> K as ; AVcCC + 
SVR rejection ratio 
“Tl AVcc- = +0.5V 
c (AVcc/AVj¢) 
: ae meee om 
> 
S t Propagation delay time i — 
=] pd ini Output voltage step 
“ RE 
nee ve RRS 
Rise time me ee 
Output voltage step = —_ 
' Maximum output 
sink(max) sink current 
Supply current ame No load, No signal eal | mA | 


rea gain option is selected as follows: 
Gain Option! . . . Gain-adjust pin 1A is connected to pin 1B, and pins 2A and 2B are open. 
Gain Option 2. . . Gain-adjust pin 1A and pin 1B are open, pin 2A is connected to pin 2B. 
Gain Option 3. . . All four gain-adjust pins are open. 
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uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


electrical characteristics, VCC + = 6 V, VcC— = -6 V, Ta = -—55°C to 125°C for uA733M, 
0°C to 70°C for uA733C 


TEST GAIN uA733M 
PARAMETER TEST CONDITIONS 
_aaneren FIGURE |__rstconomons | oPTiON'| MIN MAX] MIN. MAX 
Large-signal differential ee ae eink Bh ca 
Avp as Vop =1V ae ee 120{ 80 120] viv 
dicta ahem cae oe Deron) es RPS 
mom eS ee ee ee 
oe  mmum 1. | oo eS ee 
Common-mode 
VICR : Any +1 +1 
input voltage range 
Maximum peak-to-peak 
VoPP ; Any 
output voltage swing 
Pi _Imputresistence | 3 | Vop s1V SE She eee 
Commor-mode Wnx21y,. (ste | 2? fp ee 
CMRR BGS x 
rejection rato View stW) 21) Fes b ee sp pT oe veo ise nea 
Supply voltage 
ksvr rejection ratio es 
(AVcc/AViC) 
le: Maximum output Pe 
sink(max) sink current . 
lec Supply current See No load, No signal 
TThe gain option is selected as follows: 
Gain Option 1 . . . Gain-adjust pin 1A is connected to pin 1B, and pins 2A and 2B are open. 
Gain Option 2 . . . Gain-adjust pin 1A and pin 1B are open, pin 2A is connected to pin 2B. 
Gain Option 3... . All four gain-adjust pins are open. 
schematic 


Vcc+ 
2.4 kQ 2.4 kQ 10 kQ 1.1 kQ 1.1 kQ ene 


a 


GAIN GAIN 
ADJUST ADJUST 


OUTPUT 1 


OUTPUT 2 


Component values shown are nominal. 


Special Functions 
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uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


2) 
= 
© 
$2. 
2 
“Tl 
= 
9 
at 
) 
= 
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DEFINITION OF TERMS 
Large-Signal Differential Voltage Amplification (Av/p) The ratio of the change in voltage between the output 
terminals to the change in voltage between the input terminals producing it. 


Bandwidth (BW) The range of frequencies within which the differential gain of the amplifier is not more 
than 3 dB below its low-frequency value. 


Input Offset Current (ljQ) The difference between the currents into the two input terminals with the inputs 
grounded. 


Input Bias Current (!|B) The average of the currents into the two input terminals with the inputs grounded. 


Input Voltage Range (V|) The range of voltage that if exceeded at either input terminal will cause the amplifier 
to cease functioning properly. 


Common-Mode Output Voltage (Voc) The average of the d-c voltages at the two output terminals. 


Output Offset Voltage (VOQ0) The difference between the d-c voltages at the two output terminals when 
the input terminals are grounded. 


Maximum Peak-to-Peak Output Voltage Swing (Vopp) The maximum peak-to-peak output voltage swing 
that can be obtained without clipping. This includes the unbalance caused by output offset voltage. 


input Resistance (rj) The resistance between the input terminals with either input grounded. 
Output Resistance (rg) The resistance between either output terminal and ground. 
Input Capacitance (Cj) The capacitance between the input terminals with either input grounded. 


Common-Mode Rejection Ratio (CMRR) The ratio of differential voltage amplification to common-mode 
voltage amplification. This is measured by determining the ratio of a change in input common-mode voltage 
to the resulting change in input offset voltage. 


Supply Voltage Rejection Ratio (ks\pR) The absolute value of the ratio of the change in power supply voltages 
to the change in input offset voltage. For these devices, both supply voltages are varied symmetrically. 


Equivalent Input Noise Voltage (Vj) The voltage of an ideal voltage source (having an internal impedance 
equal to zero) in series with the input terminals of the device that represents the part of the internally 
generated noise that can properly be represented by a voltage source. 


Propagation Delay Time (tpg) The interval between the application of an input voltage step and its arrival 
at either output, measured at 50% of the final value. 


Rise Time (t,) The time required for an output voltage step to change from 10% to 90% of its final value. 


Maximum Output Sink Current (Isink(max)) The maximum available current into either output terminal when 
that output is at its most negative potential. 


Supply Current (ICC) The average of the magnitudes of the two supply currents Ic¢c1 and Icc2. 
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uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


test circuits 


0.2 uF 
50 2 50 2 7 50 2 50 2 1kQ2 21 kQ 
a’ FIGURE 1 esi FIGURE 2 eee 
50 0 0.2 uF 
7 1kQ2 $1 kG 
FIGURE 3 FIGURE 4 oe 


2B 1B 


Special Functions é 


2A 1A 


VOLTAGE AMPLIFICATION ADJUSTMENT 
FIGURE 5 FIGURE 6 
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uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 2 


TYPICAL CHARACTERISTICS 


PHASE SHIFT PHASE SHIFT 
vs vs 
FREQUENCY FREQUENCY 


] Vcc- = -6V 
Meese s Ta = 25°C 


Voc+ #°6V 


TTT TT fifsam'2 PN 
” % _ 100 . 
: oe eel 
é er e N L 
: £-° COTINC 
_ fF 
w ® _250 
© ® 
: gE <t TA 
. | ee ea | 
| 
Tet gece PH Et 
— 450 
1 4 10 40 100 400 
f — Frequency — MHz f — Frequency —MHz 
FIGURE 7 FIGURE 8 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIFFERENTIAL) (SINGLE-ENDED OR DIFFERENTIAL) 
© VS = vs 
. TEMPERATURE + SUPPLY VOLTAGE 
N 1.2 D 
i 
—~” +1 
8 
@ s > 
Be S41 s 
er = | . 
S 5 : 
“TI g > 
® £ 
= z 1.0 3 
*~ ¢ 8 
© c a 
> +s 5 
i] ioe 
ee. 6.9 
= B 
= = 
a e 
® = § 
S 0.8 2 
I) -75 -50 -25 0 25 50 75 100 125 = 
> ro) 
Ta—Free-Air Temperature — °C > |Vcc+|—Supply Voltage—V 
FIGURE 9 FIGURE 10 
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Avp— Differential Voltage Amplification 


icc — Supply Current—mA 


uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


TYPICAL CHARACTERISTICS 


DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
RESISTANCE BETWEEN G1A AND G1B 


Kae Sao 
rTitvecs =6V 


ween 
seaattt oN 
tN 


10 ing 


10 40 100 400 
Radj— Resistance Between G1A and G1B—2 


FIGURE 11 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 


No Load 
No Signal 


-75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature — °C 


FIGURE 13 


zn 10 k 


Avs-—Single-ended Voltage Amplification— dB 


Icc—Supply Current—mA 


SINGLE-ENDED VOLTAGE AMPLIFICATION 


vs 
FREQUENCY 


as ra CTT 
PT TT 
Hf LETINACL 
HoH 


ttt AL 
pea INL 
TIT N 


40 


30 


20 


1 oy 10 40 
f —Frequency — MHz 


FIGURE 12 


100 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


No Signal 
Ta = 25°C 


3 4 5 6 4 8 
\Vcc+|—Supply Voltage—V 
FIGURE 14 
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uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE 


LOAD RESISTANCE 


ahi) ea 
of Bill 
} a 
che Ua 
aii 
Seis il 
ail po HE 
TE ZT PT 
aN Za a 
LLL EAU TU 


Vopp— Maximum Peak-to-Peak Output Voltage—V 
Vopp— Maximum Peak-to-Peak Output Voltage—V 


0 
10 40 100 400 4k 10k 3 4 5 6 7 8 
Ry —Load eh eae |Vopp+|—Supply Voltage—V 
FIGURE 15 FIGURE 16 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE INPUT RESISTANCE 
vs vs 
z FREQUENCY FREE-AIR TEMPERATURE 
S Vcc+ =6V apa 
$ 35+- Vcc- = -6V 
ma 4 | rae 
= & S 30 — 
2. 3 ee 
=e at oO 25 “| 
- = 5 GAIN 2 
' 72) 
° O. 3 
a 6° cael ae uA733C 
= | ® = 
ro) a. a 15 See 
ioe c= 
a OU ed ae esos a r 
a 3 | | 
a. 
a. 
oO 3 0 
> 4 710 20 40 70100200 400 -60-40-20 0 20 40 60 80 io 
f — Frequency — MHz Ta—Free-Air Temperature — °C 
FIGURE 17 FIGURE 18 
TEXAS ai 
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uA2240C 
PROGRAMMABLE TIMER/COUNTER 


D2442, JUNE 1978—REVISED MAY 1988 


® Accurate Timing from Microseconds to N DUAL-IN-LINE PACKAGE 
Days (TOP VIEW) 
@ Programmable Delays from 1 Time Constant aotl1 Uriel Vcc 


to 255 Time Constants Qa1f]2 15] REGULATOR 
: P Q2{]3 141] TIME BASE stad th 
Outputs Compatible with TTL and CMOS 
OUTPUTS Q3{]4 13] R/C 


Wide Supply-Voltage Range Q4U}5 = 12|} MODULATION 

O56 111] TRIGGER INPUTS 
Q6J7  ~=101_)] RESET 

Q7L]8 9|.]GND 


External Sync and Modulation Capability 


description 


These circuits consist of a time-base oscillator, and eight-bit counter, a control flip-flop, and a voltage 
regulator. The frequency of the time-base oscillator is set by the time constant of an external resistor and 
Capacitor at pin 13 and can be synchronized or modulatd by signals applied to the modulation input. The 
output of the time-base section is applied directly to the input of the counter section and also appears 
at pin 14 (time base). The time-base pin may be used to monitor the frequency of the oscillator, to provide 
an output pulse to other circuitry, or (with the time-base section disabled) to drive the counter input from 
an external source. The counter input is activated on a negative-going transition. The reset input stops 
the time-base oscillator and sets each binary output, QO through Q7, and the time-base output to a TTL 
high level. After resetting, the trigger input starts the oscillator and all Q outputs go low. Once triggered, 
the uA2240C will ignore any signals at the trigger input until it is reset. 


The uA2240C timer/counter may be operated in the free-running mode or with output-signal feedback 
to the reset input for automatic reset. Two or more binary outputs may be connected together to generate 
complex pulse patterns, or each output may be used separately to provide eight output frequencies. Using 
two circuits in cascade can provide precise time delays of up to three years. 


The uA2240C is characterized for operation from O°C to 70°C. 


AVAILABLE OPTIONS 


SYMBOLIZATION OPERATING 
VT MAX at 25°C 


DEVICE PACKAGE SUFFIX TEMPERATURE RANGE 
aazzaoe [N+ __0°C t0. 70°C 


i] 
2 
~ 

Oo 

i 

a 
LL. 
8 

© 

® 

. 
7p) 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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uA2240C 
PROGRAMMABLE TIMER/COUNTER 


functional block diagram 


REGULATOR 
Vec OUTPUT 


VOLTAGE 
REGULATOR 


TIME BASE 
7kQ OSCILLATOR 


MODULATION (12) 


INPUT 12kQ2 
R/C , | 
OD T 
Q 
GND (8) 
Q- - - open-collector outputs TBO felt) Q1 Q7 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


OEY) VOROOR ee aOR NOTO Tn 6 pis SoC ee ee ee he 8 eae TEER bane eee tes 18 V 
a ae EE URED ooo, ae ahah co a a oy agate a OAT ON. MISE ROK. LUG oa ek are AatS 18 V 
Bet omnes a FS ic and get ee eee eee he aiaiaacai oe fe pee Sine ae ae ee 10 mA 
PIMGIIACOL WUTEAL CLMOGING 75 No 8. s tathly AadeeSa clo = 4 0-% 95> 6.448 PERIL AW ® Ce 6 nie ef R Race ales —-5 mA 
~” Continuous dissipation at (or below) 25°C free-air temperature ................22008. 650 mW 
z Operating frée-aly temperature tangata ees ates bees 0°C to 70°C 
re) Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................-0005. 260°C 

2 NOTE 1: Voltage values are with respect to the network ground terminal. 

a recommended operating conditions 

= 4 14 
S fooo1 Si | 
7 
| MHz 
as! 
External clock input pulse duration 

NOTE 2: For operation with Vcc = 4.5 V, short regulator output to Vcc. 
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uA2240C 
PROGRAMMABLE TIMER/COUNTER 


electrical characteristics at 25°C free-air temperature 


TEST 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
PARAMETER CIRCUIT sé MIN Tye MAX 
Regulator output voltage cc ae ee ee ee 
2 Vcc = 15 V, Trigger and reset open or grounded 


4.4 
6.3 6.8 
Modulation input open , Vcc = 5V, _ Trigger and reset open or grounded 35 4.2 
circuit voltage Vcc = 15 V, Trigger and reset open or grounded 
1.4 
1.4 
1.4 
4 
4 7 


1 [Wee = 5 V, Reser a OV 
1 Vcc = 5V,  Triggerat2V, Reset atO V 

1 Vcc = 5V,_ Trigger at 0 V 2 

; 


9 
Vcc = 5V, _ Trigger at 0 V 

1 

2 


Counter input (time b 
ere steer ae 2 Vcc = 5V, _ Trigger and reset open or grounded 
threshold voltage 
Low-level output current, > Vcc = 5V, _ Trigger at 2 V, Reset at O V, 
QO thru Q7 VoL < 0.4 V 


High-level output current, 2 
g . 2 Von = 15V, Reset at2V, Trigger atOV 


QO thru Q7 


V 
V 
V 
pA 
V 
pA 
V 
mA 
pA 
A 


Supply current 1 Vec = 15 V, TriggeratOV, Reset at5V Bas SS m 


3 V+ =4V 


1 Vcc = 5V, TriggeratOV, Reset at 5 V Meee, Se 


operating characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 


Initial error of time base* Vcc = 5V, _ Trigger at 5 V, Reset at O V 
= . Ta = 0°C to 70°C cc ppm/°C 
of time-base period Ree ed 
Supply voltage sensitivit 
bs al oda aves Vcc 2 -0.08 -0.3 | %/V 
of time-base period 


TEST 
CIRCUIT 


8V 
Time-base output frequency Vec = 5V, R=MIN, C=MIN 


: From trigger input 
Propagation delay time - 


see Note 3 Lear a eas HS 
[From resetinput | 0-8 

Output rise t 

kes wor | od au oF ee eee 
Output fall time 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tThis is the time-base period error due only to the uA2240C and expressed as a percentage of nominal (1.00 RC). 

NOTE 3: Propagation delay time is measured from the 50% point on the leading edge of an input pulse to the 50% point on the leading 
edge of the resulting change of state at QO. 


” 
| 
S 
~~ 
oO 
= 
a 
LL. 
i 
Oo 
® 
Q. 
i? p) 
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uA2240C 
PROGRAMMABLE TIMER/COUNTER 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


R=10k2 
(UNLESS OTHERWISE 

SPECIFIED) CONNECTED FOR OPERATING 
CHARACTERISTICS TESTS ONLY 


C= 0.1 uF 
(UNLESS OTHERWISE 
SPECIFIED) 


EACH QO THRU Q7 OUTPUT LOAD = 10 ko 
FIGURE 1. GENERAL TEST CIRCUIT 


Vcc 


1k2 
(DISABLES 
OSCILLATOR) 


ae des 
Ov 
INPUT SIGNAL FOR 


OPERATING CHARACTERISTICS 
TESTS ONLY EACH QO THRU Q7 OUTPUT LOAD = R,_ 


FIGURE 2. COUNTER TEST CIRCUIT 


rN A (OPEN) V+=4V 


Vcc 


REG 
OUT 


EACH Q0 THRU Q7 OUTPUT LOAD = 10 k2 


FIGURE 3. REDUCED-POWER TEST CIRCUIT (TIME BASE DISABLED) 


AThese connections may be open or grounded for this test. 
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uA2240C 
PROGRAMMABLE TIMER/COUNTER 


TYPICAL CHARACTERISTICS 


NORMALIZED TIME-BASE PERIOD 


vs 


MODULATION INPUT VOLTAGE 


2.5 

> 2.0 
£ 
£ 
j_ 

a °] 1.5 
N 
w 
E 

5 «1.0 
a 
| 

+|2 05 

0 

1 2 


3 


4 


5 6 


Modulation Voltage—V 
FIGURE 4 


TYPICAL APPLICATION INFORMATION 


Figure 5 shows voltage waveforms for typical 
operation of the uA2240C. If both reset and 
trigger inputs are low during power-up, the 
timer/counter will be in a reset state with all 
binary (Q) outputs high and the oscillator 
stopped. In this state, a high level on the trigger 
input starts the time-base oscillator. The initial 
negative-going pulse from the oscillator sets the 
Q outputs to low logic levels at the beginning of 
the first time-base period. The uA2240C will 
ignore any further signals at the trigger input until 
after a reset signal is applied to the reset input. 
With the trigger input low, a high level at the 
reset input will set Q outputs high and stop the 
time-base oscillator. If the reset signal occurs 
while the trigger input is high, the reset is 
ignored. If the reset input remains high when the 
trigger input goes low, the uA2240C will reset. 


TRIGGER 


i 
‘ 


ma 


SPL et oe 


U 


FIGURE 5. TIMING DIAGRAM OF 
OUTPUT WAVEFORMS 
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uA2240C 
PROGRAMMABLE TIMER/COUNTER 
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TYPICAL APPLICATION INFORMATION 


In monostable applications of the uA2240C, one or more of the binary outputs will be connected to the 
reset terminal as shown in Figure 6. The binary outputs are open-collector stages that can be connected 
together to a common pull-up resistor to provide a ‘‘wired-OR’’ function. The combined output will be 
low as long as any one of the outputs is low. This type of arrangement can be used for time delays that 
are integer multiples of the time-base period. For example, if Q5 (25 = 32) only is connected to the reset 
input, every trigger pulse will generate a 32-period active-low output. Similarly, if QO, Q4, and Q5 are 
connected to reset, each trigger pulse creates a 49-period delay. 


In astable operation, the uA2240C will free-run from the time it is triggered until it receives an external 
reset signal. 


The period of the time-base oscillator is equal to the RC time constant of an external resistor and capacitor 
connected as shown in Figure 6 when the modulation input is open (approximately 3.5 V internal, see 
Figure 4). Under conditions of high supply voltage (Vcc > 7 V) and low value of timing capacitor 
(C < 0.1 pF), the pulse duration of the time-base oscillator may be too short to properly trigger the counters. 
This situation can be corrected by adding a 300-pF capacitor between the time-base output and ground. 
The time-base output (TBO) is an open-collector output that requires a 20-kQ pull-up resistor to Pin 15 
for proper operation. The time-base pin may also be used as an input to the counters for an external time- 
base or as an active-low inhibit input to interrupt counting without resetting. 


The modulation input varies the ratio of the time-base period to the RC time constant as a function of 
the dc bias voltage (see Figure 4). It can also be used to synchronize the timer/counter to an external clock 
or sync signal. 


The regulator output is used internally to drive the binary counters and the control logic. This terminal 
can also be used to supply voltage to additional uA2240C devices to minimize power dissipation when 
several timer circuits are cascaded. For circuit operation with an external clock, the regulator output can 
be used as the VCC input terminal to power down the internal time base and reduce power dissipation. 
When supply voitages less than 4.5 V are used with the internal time base, Pin 15 should be shorted to 
Pin 16. 


(15) . 
20 ka 
10k22 Ri 
pot uss 
uA2240 3 
= Q Le O 
MODULATOR (3) . 
(4) OUTPUT 
TRIGGER (5)5—~ 
(6) 


47 kQ 


FIGURE 6. BASIC CONNECTIONS FOR TIMING APPLICATIONS 
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Product Previews is 


LT1013 
DUAL PRECISION OP AMP 


D3237, MAY 1988— REVISED FEBRUARY 1989 


Single-Supply Operation: D PACKAGE 


Input Voltage Range Extends to Ground (TOP VIEW) 
Output Swings to Ground While Sinking #1IN+ [11 Ust 41 In- 
Current 


@ Input Offset Voltage... 150 nA Max at 25°C 
for LT1013AM, LT1013AC 


@ Offset Voltage Temperature Coefficient... JG OR P PACKAGE 
2 wV/°C Max for LT1013AM, LT1013AC (TOP VIEW) 


e Input Offset Current... 0.8 nA Max at 25°C 
for LT1013AM, LT1013AC 


@ High Gain... 1.5 V/V Min (RL = 600 ), 
0.8 V/uV Min (RL = 2 kQ) for LT1013AM, 


LT1013AC Sines 
@ Low Supply Current... 0.5 mA Max at 25°C (TOP VIEW) 
for LT1013AM, LT1013AC ~ Veco 
e Low Peak-To-Peak Noise Voltage... 
0.55 WV Typ ae #1 out /@) @\ #2 OUT 
@ Low Current Noise... 0.07 pA//Hz Typ 
#1 IN- [@) ©] #2 In- 
#1IN+ \@ @ 6) / #2 1N+ 
VOC = 


Pin 4 (L package) is in electrical contact with the case. 


description 


The LT1013 is a precision dual operational amplifier with an 8-pin industry-standard configuration. It features 
low offset voltage temperature coefficient, high gain, low supply current, and low noise. 


The LT1013 can be operated from a single 5-V power supply; the common-mode input voltage range includes 
ground, and the output can also swing to within a few millivolts of ground. Crossover distortion, so apparent in 
previous single-supply designs, is eliminated. The LT1013 is fully specified for both dual +15-V and single 5-V 
supplies. 


The LT1013AM and LT1013M are characterized for operation over the full military temperature range of —55°C 
to 125°C. The LT1013AC, LT1013C, and LT1013D are characterized for operation from 0°C to 70°C. 


AVAILABLE OPTIONS 


Ta pi at SMALL OUTLINE | CERAMIC DIP | METALCAN | PLASTIC DIP 
(D) (JG) (L) (P) 


0°c 150mV |  —  ———_+|-_—LT1013ACJG | —_LT1013ACL 
to Re 
70°C 


Eee aad 

[soon | urormpo fT «*d COOP 

“sro | ison | —=S=SS*d;C TOT | LTTOTSAME | 
to125°c | s0omv | ———SC*d;C OGG | _CrioreML [CS 


The D package is available taped and reeled. Add the suffix R to the device type (e.g., LT1013DDR). 


PRODUCT PREVIEW documents contain information * Copyright © 1988, Texas Instruments Incorporated 
on products in the formative or design phase of A, 

veces sigue eee e uae other 

specifications are design goals. Texas Instruments 

reserves the right to change or discontinue these INST RUM ENTS 
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LT1013 
DUAL PRECISION OP AMP 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUIDOIV. MONACO Vente Ae NONE: 1)... chek. ke aa okd gl agora 0 ye arp ee eine hae «4 Sue mcs 22 V 
DS LE oo cl i oh ded an a” eer LR eran ise: aria DEO Sema ee res —22V 
BS OO ET a ee ee Se Pee er Ar. My Sire Cary Srearp CaS InM Gs +30 V 
SAE TAIe WORM TS ee ig a eine xc ace, cd wie Gags lb wl okay Alu eeig le Oieks Rien nn be ed Voc=- —5 V to Voc+ 
Duration of output short-circuit at (or below) 25°C... ou. wk eee a eo aabbwtel sited gener eb unlimited 
Operating free-air temperature range: LT1013AM, LT10138M ..........e eee eaeee —55°C to 125°C 

LTIGISAC, LVVWORS, LU ths, s pantie ace pe earees 0°C to 70°C 
PEC SOOO iM TNE a5, 5 a's. sk 8 ose Eee! FE 04 tpn eye CR SET —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor P package ............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JGorL package ........... 300°C 


NOTE 1: All voltage values, except differential voltages, are with respect to the midpoint between Voc+ and Voc -. 
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| 3 LTC1052, LTC7652 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 


D3238, MAY 1988 — REVISED MARCH 1989 


Input Offset Voltage ... 5 u.V Max at 25°C LTC1022 ... JG OR P PACKAGE 
(TOP VIEW) 


@ Temperature Coefficient of Input Offset 
Voltage . . . 0.01 nV/°C Typ 


@ Long-Term Drift of Input Offset Voltage... 
100 nV/mo Typ 


@ Maximum Input Bias Current... 30 pA at 


° 
25°C LTC1052, LTC7652... L PACKAGE 
@ Minimum Differential Voltage Amplification (TOP VIEW) 
Over Full Temperature Range .. . 120 dB Cyxp 


@ Minimum Common-Mode Rejection Ratio 
Over Full Temperature Range... 120 dB 


@ Minimum Supply Voltage Rejection Ratio 
Over Full Temperature Range... 120 dB 


@ Single-Supply Operation from 4.75 V to 16 V Vpp — (LTC1052)/ 
(Input Voltage Range Extends to Ground) En 


@ External Capacitors Can Be Returned to . 
Vpp- with No Noise Degradation Pin 4 (L package) is in 

electrical contact with the case. 

description 


The LTC1052 and LTC7652 are low-noise 
chopper-stabilized operational amplifiers 
manufactured using CMOS silicon-gate 
technology. The devices are well-suited for 
applications such as thermocouple amplifiers, 
strain-gauge amplifiers, low-level signal 
processing, and medical instrumentation. 


AVAILABLE OPTIONS 


CERAMIC DIP | METAL CAN | PLASTIC DIP 
(JG) (L) (P) 
— 40°C LTC1052CL 
t LTC1052CJ 

— 55°C 
ioe LTC1052MJG | LTC1052ML | LTC1052MP 
Chopper stabilization constantly corrects input 
offset voltage errors, including both errors in the 


initial input offset voltage and errors in input offset voltage due to time, temperature, and common-mode input 
voltage. The chopper circuitry is internal and completely transparent to the user. Only two external capacitors 
are required to alternately sample and hold the offset correction voltage and the amplified input signal. 


Product Previews 


Low-frequency (1/f) noise is also improved by the chopping technique. Instead of noise increasing 
continuously at a rate of 3 dB/octave, the internal chopping causes noise to decrease at low frequencies. 5 
Picoampere input currents further enhance the performance of these devices. 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C to 
125°C. The C-suffix devices are characterized for operation from —40°C to 85°C. 


PRODUCT PREVIEW information concerns products Copyright © 1988, Texas Instruments Incorporated 
in the formative or design phase of development. 
Characteristic data and other specifications are 


design goals. Texas Instruments reserves the rightto EXAS 
change or discontinue these products without notice. INSTRUM ENTS 
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LTC1052, LTC7652 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voitage, Von. (see Notes 1 and 2).........0. 258002 fa. eo Si Oi |. 8 8V 
Supply Voliage, ‘Vey. (see Motes 1 ad 2). oe ee ss ew ARM re Me ele Matera DARED es -8V 
Inga voltage wange, Viteny input, SOG NOI 1)... oes siaces an oop icabarw aoceaen A Rete Es time +16 V 
Duration of short-circuit current at (or below) 25°C (see Note 2) .......... 0... cee eee ee unlimited 
Operating free-air temperature, Ta: M-sunio cee nen banaue wean —55°C to 125°C 

O-SHTI . o  CTRASL OD. » SE ee —40°C to 85°C 
Rea SU MUSING tN a oi ek wae ta as ge RN Oe RE 6 OR —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package .............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package .................4. 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vpp, and Vpp-. 
2. Connecting any terminal to voltages greater than Vpp, or less than Vpp_ may cause destructive latch-up. No sources operating 
from external supplies should be applied prior to device power-up. 
3. The output may be shorted to either supply. 
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LTC1052, LTC7652 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted) 


LTC1052M LTC1052C, LTC7652 
PARAMETER TEST CONDITIONS Tat MIN ae MAX — oa ae UNIT 


V Input offset voltage Cee SA 
o 


oe 
z 


lO 
Temperature coefficient 
0.01 0.05 0.01 0.05 | pVv/°C 
mO of input offset voltage | oat 005. 
Longer drift of 100 100 
input offset voltage 
ss iat ia oe eee ae 
7 ee 
as ayer |S 175 
5 
Common-mode input 
VICR voltage range i 
 f 27 
Maximum peak output = 100 kQ, See Note 4 25°C Bes SS 
voltage swing 


L 
V 
S L 
Ris Large-signal eee Vo = £4V, Ri = 10k2 25°C 120 150 
voltage amplification Full range 
Ge Internal chopping 25°C 330 
frequency 
t 
M 
S 
S 


ie) 
a) 
=) 


| | 
o|o 
on 
° 

5 

Si) zo] so] < 

ro) 


R aS eg 
Ru = 10k, See Note 4 | Full range 
R 


eo 
On-state clamp current = 100 kQ 
Fullrange [25 


range 
| 28G | 
| Full range _ 
| 25°C 
| Full range 
- -5 
t to 
2 ‘ 
oe ae 
> _votage Ful ange 
[25°C | 
| Full range | 
| 25°C 
| Full range _ 
cMRR  Common-mode Vo = 9,Vic = Vicn min,| 25°C 
rejection ratio Rs = 500 Full range 120 
VR . 


25°C 10 100 
Off-state clamp current Vo = -4Vto4V 
heme) ee 
pane 7 120 140 > 
4 Supply-voltage rejection | Voc+ = +2.375 V to +8 V 120 150 120 150 2 
ratio (AVoc+/ AVi<) Vo = 0,Rg = 502 Full range 120 120 ns 
25°C 17 2 bse 
| Vo = 0, No load | 25°C 
eB asa Full range a 
he! 
tFull range is —55°C to 125°C for the LTC1052M and —40°C to 85°C for the LTC1052C and LTC7652C. +) 
NOTE 4: Output clamp is not connected. S 
; pias oe) 
operating characteristics, Vpp+ = +5 V, Ta = 25°C PS 
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
SR Slew rate Re = 10kQ,C;, = 50 pF eae Her Vins 5 
Re ee Rig = 100.910 10 Hz ; 
NPP ea -to-pea equiva ent input noise voitage Re = 100Qto1 Hz Se es uy 
in Input noise current (see Note 6) Te a 
GBP Gain bandwidth product oe 


NOTE 5: Equivalent input noise current is calculated as follows: |, = (2q x jp)”, where q = 1.6 x 10779. 
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TLE2021, TLE2022, TLE2024 
Excalibur HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 


D3197, JANUARY 1989 


e Excellent Input Offset Voltage Stability with @ Phase-Reversal Protection 
Temperature... 2 wV/°C Typ 


@ Stable Supply Current with Temperature... 


e@ Long-Term Drift of Input Offset Voltage... 0.08 pA/°C Typ 

0.005 hV/mo Typ @ Full Electrical Parameters Specified at 
e High Slew Rate... 0.9 V/us Typ Veoc+ = +15 Vand Vcc = 5Vto GND 
@ High Unity-Gain Bandwidth ...2 MHz Typ @e Common-Mode Input Voltage Range 


@ Low Supply Current... 200 wA/Amplifier Includes the Negative Rail 


description 


The TLE2021, TLE2022, and TLE2024 are high-precision, high-speed, low-power operational amplifiers using 
Texas Instruments patent-pending Excalibur process. Available in standard-pinout single, dual, and quad 
configurations, these devices offer improved slew rate and unity-gain bandwidth performance over the 
popular OP21, OP22I, and OP42I. A wide variety of packaging options is available, including small-outline 
(SO) and chip carrier versions for high-density systems applications. 


The complementary bipolar Excalibur process uses isolated vertical P-N-P transistors that yield dramatic 
improvement in gain-bandwidth product and slew rate compared to similar devices. The addition of a patent- 
pending bias circuit in conjunction with this process results in unsurpassed parameter stability with both time 
and temperature. This means that a "precision" device remains a precision device even with extreme changes 
in temperature and over years of use. 


The combination of excellent dc performance with a common-mode input voltage range that includes the 
negative rail makes these devices an ideal choice for low-level signal conditioning applications in either 
single-supply or split-supply configurations. Additionally, these devices offer phase-reversal protection 
circuitry that eliminates an unexpected change in output states when one of the inputs goes below the 
negative supply rail. 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C to 
125°C. The I-suffix devices are characterized for operation from —40°C to 85°C, and the C-suffix devices are 
characterized for operation from 0°C to 70°C. 


on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 


EXAS 
reserves the right to change or discontinue these INST RUMENTS 


products without notice. POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 
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TLE2021, TLE2022, TLE2024 


Excalibur HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 


TLE2021 ...D, JG, OR P PACKAGE 
(TOP VIEW) 


TLE2021...L PACKAGE 


TLE2021 .. . FK PACKAGE 


(TOP VIEW) (TOP VIEW) 
OFFSET N1(]1 U s[ NC 22222 
IN - 7[)Vcc + 3 2 1 2019 
IN+ L]3 6| JOUT 
NCI) 4 18LINC 
Vcc —/GNDL]4 5| }]OFFSET N2 IN—[]}5 17OVcc+ 
NCJ 6 16 LINC 
IN+1)7 15(}OUT 
Ncfs 14LJNC 
9 10 
Vcc —/GND 
ae 
g 
| 
S) 
O 
> 


TLE2022 .... D, JG, OR P PACKAGE 


TLE2022 .. . L PACKAGE 


TLE2022... FK PACKAGE 


(TOP VIEW) (TOP VIEW) (TOP VIEW) 

Vv 
#1 ouTO]1 Ustvcc4 a Bis ys tig: 
#1 IN-[]J2 7[)#2 OUT Lee 
"Oo VO 
#1IN+(]3 6[J)#2 IN- #1 OUT q®26 #2 OUT Zz 2Z>2 
Voc —/GND[]|4 5[]#2 IN+ 


#1 1IN-|@ 


6) } #2 In- 


NCD 4 18[]NC 
#1 IN- 170} #2 OUT 
v #1 IN+\@ ® 6) / #2 iIn+ 4 8 ee 
4 #1IN+ U7 15(]} #2 IN— 
c Vcc —/GND nche 14[INC 
© 9 
oe vam © om Vaca Nao fe 
O 
"U SSsis 
=< ee 
@ 7S 
<. Yee 
g - 
~” 


TLE2024 .. . DW PACKAGE 


TLE2024 ... . J OR N PACKAGE 


TLE2024 .. . FK PACKAGE 


(TOP VIEW) (TOP VIEW) (TOP VIEW) 
I se 
5 #1 OUT L}! 16, ]#4 OUT #1 ouTLJ1 140] #4 ouT S 2 2 
#1 IN— 15.) #4 IN- #1IN-LJ2. »=130)#4 IN- Va hee meee 
#1 IN+ LJ3 14) #4 IN+ #1 IN+LJ3 121 #4 IN+ me Ze Ze 
Vec+ U4 13K) Vcc —/GND Vec+U4 11DVec_/GND 3272019 
#21IN+L]5 12[)#3 IN+ Jelaved | pi baka #1IN+[)4 18(] #4 IN- 
#2 IN- 11[] #3 IN- #2IN-LI6 FS IN- — Woe fs 170) #4 IN+ 
#2 OUTL|7 101)#3 OUT #2 OUTL]7 8| #3 OUT nce 16[1NC 
NCLJj8 9| JNC #2 IN+[]7 15U Vcc —/GND 
#2 IN-{J8 14(] #3 IN+ 
9 
esp Fo ges C cee C ee ot ee 
ae” ae, 
2~Z222s 
@) @) = 
N op) Oo 
th tt = 


NC—No internal connection 
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Ordering Instructions 


Mechanical Data ... 


Contents 


ORDERING INSTRUCTIONS 


SST RT Uo LI A a PS St MIRON A Se AE sD ESTs SO AGE TS TY MET STR SN 0 ES RS OR HG SA hg TD RET Dh RT BS AN a DES OS 
Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed 
in the page heading regardless of package. The availability of a circuit function in a particular package is denoted 
by an alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to 
mechanical outline drawings shown in this section. 


Factory orders for circuits described in this data book should include a four-part type number as explained in 
the following example. 


EXAMPLE: TL 514M sOJ /883B 

Prefix 
MUST CONTAIN TWO OR THREE LETTERS 

eee TN Special Functions or Interface Products 
| Ai AES RE Seca cr a ae are Tl Linear Products 
| | = a TI Linear Silicon-Gate CMOS Products 
STANDARD SECOND-SOURCE PREFIXES 
LT .. Linear Technology uA..... Fairchild/National 
mia,. tanger Tecnneiggy OP wi 8. ck ce oS PMI 
OE ae Motorola RC, RM, or RV . Raytheon 
CF. LM, LP, NE, SA, or SE .. Signetics 


OP RAP calc ves National 
Unique Circuit Description Including Temperature Range 


MUST CONTAIN TWO TO SIX CHARACTERS 
(From Individual Data Sheets) 


Examples: 853 2652A 
1078 27M2AC 


Package 
MUST CONTAIN ONE OR TWO LETTERS 


DW, EK, FR,J, 0G, &, LP, LU, NAT, Po, Ww 
(From Pin-Connection Diagrams on Individual Data Sheet) 


MIL-STD-883B, Method 5004, Class B 
OMIT/883B WHEN NOT APPLICABLE 


i] 
~~ 
AY 
a) 
rr 
2 
c 
1S) 
pt mes 
Oo 
® 
= 


Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer 
(with possible additional costs), circuits will be shipped in the most practical carrier. 


Small Outline (D, DW) Chip Carriers (FK, FN) Plug-in (L, LP, LU) 
Dual-in-Line (J, JG, N, NT, P) — Anti-Static Plastic Tubing — Sectional Cardboard Box 
—Slide Magazines —Individual Cardboard Box 
— A-Channel Plastic Tubing Flat (U, W) 

—Sectioned Cardboard Box — Milton Ross Carriers 


— Individual Cardboard Box 
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MECHANICAL DATA 


DOO8, D014, and DO16 plastic ‘‘small outline’’ packages 


Each of these ‘’small outline’’ packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 


DOO8, D014, and D016 
(16-pin package used for illustration) 


6,20 (0.244) 

5,80 (0.228) 
4,00 (0.157) 
3,81 (0.150) 


5,21 (0.205) 
1,75 (0.069) ° 0,50'(0.020) as oy me: 0,229 (0.0090) 


0,25 (0.010) 0,190 (0.0075) 


1,35 (0.053) 


0,203 (0.008) 


0,102 (0.004) 0,457 (0.018) Ls NOM 


0,356 (0.014) 4 PLACES 

0,79 (0.031) 4 1,12 (0.044) 
0,28 (0.011) PIN SPACING 0,51 (0.020) 
1,27 (0.050) 

(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
. Body dimensions do not include mold flash or protrusion. 

. Mold flash or protrusion shall not exceed 0,15 (0.006). 

. Lead tips to be planar within +0,051 (0.002) exclusive of solder. 


00 
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MECHANICAL DATA 


DW016, DW020, DW024, and DW028 plastic ‘‘small outline’’ packages 


Each of these ‘‘small outline’’ packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 


DW016, DW020, DW024, and DW028 
(20-pin package used for illustration) 


10,65 (0.419) 
10,15 (0.400) 


7,55 (0.297) 
7,45 (0.293) 


9,0 (0.354) 


2,65 (0.104) 
8,6 (0.338) 


2,35 (0.093) 


0,30 (0.012) 4 | 0,490 (0.019) ia .. 7° NOM 
0,10 (0.004) 0,350 (0.014) 0,320 (0.013) 4 PLACES 
0,230 (0.009) 1,27 (0.050) 


0,785 (0.031) enone 
0,585 (0.023) | | 0,40 (0.016) 
1,27 (0.050) TP (See Note A) 


[1016 | 1270 | 1629 | 17.68 
[10.4007 | 10.5001 | (0.602) | (0.696) 


12.90 | 15.49 | 17.88 | 
(0.408) | (0.508) | (0.610) | (0.704) | 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


TThe 28-pin package drawing is presently classified as Advance Information. 

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.006). 
D. Lead tips to be planar within +0,051 (0.002) exclusive of solder. 


Ss 
® 
° 
4 
2, 
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MECHANICAL DATA 


FKO20 and FKO28 ceramic chip carrier packages 


Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (0.050-inch) 
centers. Terminals require no additional cleaning or processing when used in soldered assembly. 


FK package terminal assignments conform to JEDEC Standards 1 and 2. 


FKO20 and FKO28 
(28-terminal package shown) 


CERAMIC CHIP CARRIERS 


yo NO. OF B 
DESIGNATION* | TERMINALS MIN MAX 


8,69 9,09 7,80 9,09 


MS004CB Mas 9 ae (0.342) _ (0.358) | (0.307) _ (0.358) 
i2s 4469 9 toe Cee 
MSO04CC (0.442) (0.458) | (0.406) _(0.458) 


* All dimensions and notes for the specified JEDEC outline apply. 


INDEX CORNER 


0,51 (0.020) 
0,25 (0.010) 


| 0,51 (0.020) 


0,25 (0.010) 


1,40 (0.055) 
1,14 (0.045) 


1,14 (0.045) mr 1,14 (0.045) 
[0,89 (0.035) 


is) 
~ 
& 
a) 
rr 
2 
om 
© 
ohne 
Oo 
® 
= 


0,71 (0. es = a5 eA ae 2,03 (0.080) 
ms 14 (0. 


0,56 (0.022) 1,63 (0.064) 


0,89 (0.035) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 


FNO20, FNO28, FNO44, FNO68, and FNO84 plastic chip carrier packages 


Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 


FNO20, FNO28, FNO44, FNO68, and FNO84 
(28-terminal package used for illustration) 


4,50 (0.177) 
"4,24 (0.167) 
2,79 (0.110) 
1,22 (0.048) <0 2,41 (0.095) 
1,07 (0.042) 1,35 (0.053) 0,94 (0.037) 
1,19 (0.047) 0,69 (0.027) ® 


C (AT SEATING PLANE) 


1,27 (0.050) T.P. 
(See Note B) 


0,25 (0.010) 
3PLaces MAX SEATING PLANE 


(See Note C) 


st cee oe tae a ee 
TERMINALS 0,81 (0.032) 
= ee oper F— 


9,78 10,03 8,89 9,04 7.87 8,38 0,66 (0.026) 
(0.385) —_ (0.395) _| (0.350) _(0.356) | (0.310) _ (0.330) 1,52 (0.060) MIN 
12,32 12,57 11,43 11,58 10,41 10,92 
(0.485) (0.495) _| (0.450) _(0.456)_| (0.410) _(0.430) a 

17,40 17,65 16,51 16,66 15,49 16,00 0,64 (0,025) MIN 
(0.685) (0.695) | (0.650) _(0.656) | (0.610) _(0.630) 0,51 (0.020) 

25,02 25,27 24,13 24,33 23,11 23,62 0.36(0.014) "| 
(0.985) (0.995) _| (0.950) (0.956) _| (0.910) _(0.930) LEAD DETAIL 

30,10 30,35 | 29,21 29,41 27,69 28,70 

(1.185) (1.195) _}| (1.150) (1.158) | (1.090) _(1.130) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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NOTES: A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B. 
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side. 
C. The lead contact points are planar within 0,10 (0.004), 
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MECHANICAL DATA 


JO14 ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


19,94 (0.785) 
19,18 (0.755) 


OO OO OO® 


0,63 (0.025) R NOM 


7,87 (0.310) 


7,11 o.ze0, saci YODOOOO® 


6,22 (0.245) 


127 0,51 (0.020) MIN5 1,78 (0.070) MAX 14 PLACES 
(0.050) NOM 


5,08 (0.200) SEALANT 
MAX 


_ PLAN 
SEATING PLANE 0,69 (0.027) MIN 
14 PLACES 


14 PLACES 
imi | e088 Oe 0,58 (0.023) 14 bi aces 
0,38 (0.015) 
0,36 (0.014) 3,30 (0.130) (See Notes B & C) 
0,20 (0.008) MIN 2,54 ae Bae 100) 
PIN SPACING 2,54 (0.100) T.P. 


14 PLA 1,78 (0.070) 
er 4 PLACES (Gee Nota A) 


Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 


seating plane. 
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MECHANICAL DATA 


JO16 ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


w9,18(0788) 
OHOOO® o 


0,63 (0.025) R NOM 
7,87 (0.310) 
7,37 (0.290) 


7,11 (0.280) 


6,22 (0.245) OXOROIORORORO) 


1,78 (0.070) MAX 16 PLACES 
1,27 (0.050) NOM | 


A ra GLASS 
5,08 (0.200) SEALANT 


MAX ni 


0,51 (0.020) 0,69 (0.027) MIN 
MIN 12 PLACES 


i il coca 0,36 (0.014) 
0,36 (0.014) 3,30 (0.130 | 
SS 0,20 (0.008) #8 ; mn O35 (OOTS} (0.015) 
oe a 


- SEATING PLANE 


16 PLACES 16 PLACES 


0,305 (0.012) MIN | (See Notes B and C) 


4 PLACES 
PIN SPACING 2,54 (0.100) T.P 1,27 (0.050) 
(See Note A) se 0,38 (0.015) 


4 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 


seating plane. 
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MECHANICAL DATA 


J0O18 ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


105° 
90° 


18 PLACES 


NOTES: A. 
B. 
C: 


Peery 23,1 (0.910) MAX aes 
PEO SO Oo O° 


7 87 (0.310) 


7,37 (0.290) 9-83 (0.025) RNOM—\ § 


7,62 (0.300) 
6,22 (0.245) 


OOOOOOOO® 


0,51 (0.020) 


1,27 (0.050) NOM 
MIN 


5,08 (0.200) 


MAX 
SEATING 
PLANE 3,30 (0.130) 


MIN 


alo Sas eee 356 (0.014) 


0,203 (0.008) 
18 PLACES 1,27 (0.050) 
0,38 (0.015) 


4 PLACES 


PIN SPACING 2,54 (0.100) 
(See Note A) 


1,78 (0.070) MAX 18 PLACES 


GLASS 
SEALANT 


0,69 (0.027) MIN 
14 PLACES 
(See Notes B & C) 


0,58 (0.023) 
0,38 (0.015) 
18 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


This dimension does not apply for solder-dipped leads. 


seating plane. 
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Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 
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MECHANICAL DATA 


JGOO08 ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and an 8-pin lead 
frame. The package is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note A). 
Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the 


board during soldering. 
10,2 (0.400) 
9,0 (0.355) 
0,63 (0.025) R NOM 
¢ ¢ 
7,87 (0.310) 


7,37 (0.290) 


7,11 (0.280) 
6,22 (0.245) 


1,78 (0.070) MAX 8 ‘sme 2 


— 1,27 (0.050) NOM 


t GLASS 
5,08 (0.200) f SEALANT 
MAX 
—SEATING PLANE 
105° 0,51 (0.020) : é 0,76 (0.030) MIN 
90° MIN 8 PLACES 


8 PLACES 0,36 (0.014) 
| 8 PLACES pbc bik +f 0.38 (0.015) 
MIN 8 PLACES 


1,6 (0.065) 
0,4 (0.015) PIN SPACING 


4 PLACES 2,54 (0.100) T.P. 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


LOO8 metal cylindrical package 


This hermetically sealed cylindrical package consists of a welded metal base and cap with individual leads 
secured by an insulating glass sealant. The gold-plated leads (—OO) require no additional cleaning or 
processing when used in soldered assembly. 


LOO8 


1,02 (0.040) 
MAX 0.48 (0.019) 
#7010. 188) 0.41 (0.016) 
4,19 (0.165) 


I 
8.51 (0.335) 9,40 (0.370) 
7.75 (0.305) 38.51 (0.335) 


1,14 (0.045) 
0.74 (0.029) 
0,86 (0.034) 
0.71 (0.028) 
1,02 (0.040) hat 5 ie anieeeere (0.028) 
0,25 (0.010) 12,7 (0.500) MIN (See Note A) 
2,54 (0.100) T.P 


(See Note A) 45° TP. 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


Same as JEDEC TO-99 and MO-O02AK except for diameter of standoff 


NOTE A: Each lead is located within 0,18 (0.007) of its true position at maximum material condition. 
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MECHANICAL DATA 


LPOO3 cylindrical plastic package 


This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics remain stable when operated in high-humidity conditions. Leads require no additional cleaning 
or processing when used in soldered assembly. 


4,19 (0.165) 


SEATING PLANE 1.27 3,17 (0.125) 


1,27 (0.050) (0.060 + 
(See Note A) 2.54 + 0,13 


(0.100 +0.005) 


2,67 (0.105) 
2,03 (0.080) 


3,43 (0.135) 
MIN 


5,21 (0.205) 5,34 (0.210) 2,67 (0.105) ; 
4,44 (0.175) D/A 7 asia ak 2.03 (0.080) 
; 4,32 (0.170) 12.7 (0.500) MIN neta 


0,43 + 0.13, —0.03 WIDE 
0,38 + 0,03 THICK 

(0.017 + 0.005, —-0.001 WIDE 
0.015 + 0.001 THICK) 


Falls Within JEDEC TO-226AA Dimensions 
(TO-226AA Replaces TO-92) 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Lead dimensions are not controlled within this area. 
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MECHANICAL DATA 


LUOO3 plastic package 


This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics remain stable when operated in high-humidity conditions. Leads require no additional cleaning 
or processing when used in soldered assembly. 


0,38 (0.015) 
2,54 (0.100) R NOM 


(See Note A) 1,27+0,13 
(0.050 + 0.005) 3 LEADS 
F] 0,381 + 0,051 WIDE, 


0,381 + 0,025 THICK 
(0.015 + 0.002 WIDE, 


4,95 (0.195) 0.015 » 0.001 THICK) 


4,19 (0.165) 
2,54 (0.100) 
2,03 (0.080) 


(0.100 + 0.005) 
4,95 (0.195 
! 0,74 (0.029) NOM 


4,19 (0.165). 
1,626 (0.064) 


2° NOM 1,524 (0.060) 


4 PLACES 12,7 (0.500) calibers 


See Note B 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Lead dimensions are not controlled in this area. 
B. The shape, dimensions, and placement of the index mark is not guaranteed. 
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MECHANICAL DATA 


NO14 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (see Note A). Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


19,8 (0.780) 
18,0 (0.710) 


OO® OOO® 


¢ 2,4 (0.093) R NOM 


7,62 + 0,25 2,8 (0.110) NOM 
(0.300 + 0.010) 


papt ase YOMOOOO® 
? 4 sg ea —| 1,78 (0.070) MAX 14 PLACES 


5,08 (0.200) MAX MIN 


ae 3 a 0,51 (0.020) 
0,25 (0.010) 
ee, see 


NOM 
-—— SEATING PLANE 0,84 (0.033) MIN 


we 14 PLACES 


14 PLACES > EAECROLE is 310 0,533 (0.021) 
14 PLACES 3,17 (0.125) MIN 0,981 (0.018) 
(See Notes B and C) 2,03 + 0,51 (See Notes B and C) 
(0.080 + 0.020) 


4 PLACES PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 


Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


PE SPEND SA II LA SEA ES AERC N INS BATS RS ERY TL A AR ESSE ELAS BEBE LI NA LE ARPT LR PON AD NE TREE IS BOTA DUAR ED BENS SAL EEE SE A ATTN EE PENS Del TD 
NO16 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


19,8 (0.780) MAX 


®®@@OOQO@® 


g 
7,62 + 0,25 
(0.300 + 0.010) 
6,35 + 0,25 
(0.250 + 0.010) 


2,4 (0.093) R NOM 
2,8 (0.110) NOM 


O@O@OOOO® 
ee je—1,78 (0.070) MAX 16 PLACES 


2,0 (0.080) NOM 


|.|—#_ 
B25 (0.010) NOM 


0,51 ee we 


5,08 (0.200) MAX + 


SEATING PLANE 


ws . 


90° 
ore 0,36 (0.014) 
0.25 (0.010) 


0,84 (0.033) MIN 
12 PLACES 


la ees ON 0,533 (0.021) 
0,387 (0.015) 


3,17 (0.125) MIN 


16 PLACES 
16 PLACES 


1,65 (0.065) 


(See Notes B and C) 
0,38 (0.015) 


4 PLACES 


16 PLACES 
(See Notes B and C) 


PIN SPACING 2,54 (0.100) T. P. 


(See Note A) 


Parts may be supplied in accordance 
with the alternate side view at the 
option of TI plants located in Europe. 
In this case, the overall length of the 
package is 22,1 (0.870) max. 


ALTERNATE SIDE VIEW 


— 1.78 (0.070) MAX 16 PLACES 


0,51 (0.020) 


MIN 
5,08 (0.200) MAX y 


0,84 (0.033) MIN 
16 PLACES 


—e| ke 0533 (0.021) 
0,387 (0.015) 
16 PLACES 
(See Notes B and C) 


3,17 (0.125) MIN 


Mesa 


PIN SPACING 2,54 (0.100) T.P. 
(See Note A) 


2,41 (0.095) 
1,02 (0.040) 
4 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 


plane. 
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MECHANICAL DATA 


NO18 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


23,4 (0.920) MAX 


QOOOOYUOOO® 


2,36 (0.093) R NOM 
7,62 + 0,25 
(0.300 + 0.010) 4,06 (0.160) NOM 


6,99 (0.275) MAX OOOOOOO@OO® 


2,03 (0.080) NOM 


at R 0,51 (0.020) 
0,25 (0.010) NOM 


5,08 (0.200) MAx = MIN 


‘aa 1,78 (0.070) MAX 18 PLACES 


4 —— SEATING PLANE 
105° || |} 0,89 (0.035) min 
90 18 PLACES 
18 PLACES 
0,279 + 0,076 3,17 (0.125) MIN —| je— 0,457 + 0,076 
ole 027 + 0.003) (0.018 + 0.003) 
18 PLACES 18 PLACES 
(See Notes B and C) 1,91 (0.075) (See Notes B and C) 
0,23 (0.009) PIN aii ge Pi oe TP. 
4 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 


plane. 
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MECHANICAL DATA 


NO2O0 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


OOO OOOOOO® 


2,4 (0.093) R NOM 
2,8 (0.110) NOM 


7,62 + 0,25 
(0.300 + 0.010) 


OOO OOOOOO © 


24,77 (0.975) 
23,22 (0.914) 
\¢- 1,78 (0.070) MAX 20 PLACES 


as 0,84 (0.033) MIN 
16 PLACES 


| 0,533 (0.021) 
0,381 (0. 0,381 (0.015) 
20 PLACES 
(See Notes B and C) 


7,11 (0.280) 
6,61 (0.260) 


2,0 (0.080) NOM 


0,25 (0.010) NOM 


5,08 (0.200) MAX | 


0,51 (0.020) 
MIN 


—— SEATING PLANE 


PIN SPACING 2,54 (0.100) T.P. 
(See Note A) 


25,40 (1.000) 
23,62 (0.930) 


ALTERNATE SIDE VIEW 
}¢-1,78 (0.070) MAX 20 PLACES 


(See Note C) 


0,36 (0.014) 
20 PLACES 155 
ako (0.070) ak ahs ol le 
1,91 (0.075) 
1,02 (0.040) 


1,68 (0.066) 
(See Notes B and C) 
VIEWA 


5,08 (0.200) yas 2? Sah 


> 0,84 (0.033) MIN 


0,51 (0.020) 20 PLACES 


0,22 (0.009) 
4 PLACES 

Parts may be supplied in accordance 

with the alternate side view at the 


option of T!. European-manufactured 


parts may have pin 1 as shown in 
view A. Alternate-side-view parts 
manufactured outside of the USA 


3,94 (0.155) 

3,17 (0.125) 
1,27 (0.050) 
0,38 (0.015) 
4 PLACES 


le 


PIN SPACING 2,54 (0.100) T.P. 
(See Note A) 


| 0,533 0,533 (0.021) 021) 
0,381 (0. 0,381 (0.015) 
20 PLACES 
(See Notes B and C) 


may have a maximum package length 
of 26,7 (1.050). 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


NO22 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 10,16 (0.400) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


NO22 


28,5 (1.120) MAX 


DOOVOOVOOO® 


EITHER 
OR BOTH 
INDEX MARKS 


10,16 + 0,25 
(0.400 + 0.010) 
(See Note B) 


9,02 (0.355) MAX 


087 10.020) 


5,08 (0.200) MIN 


MAX PRY 


VOOOOOOOOO® 
TT a eT 
= ria 


1 


‘ 
- 
le 


__ SEATING 
105° PLANE 


3,17 (0.125) | | sand 0,457 + 0,076 
0.279 + 0.076 = 
(0.011 + 0.076 al MIN OOP PLACES 


22 PLACES PIN SPACING (See Notes B and C) 


(See Notes B and C 
ee Notes B and C) 2.54 (0.100) T.P 1,78 (0.070) 
(See Note A) MAX 
22 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


SSL ae PES TEEN AR Le EF TEE ER ST FEY WEEE Be EEE EGE TSS PLP ETT EY EE ETH LT MSD SE IIE TDS ADS DEG LS ID RSE YE ER ERS VI MRL LT LEIS 
NO28 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


36,6 (1.440) MAX 


BOBO OO@OQVDOOOOO® 


EITHER OR BOTH 13,97 (0.550) MAX 
INDEX MARKS 


OOOOOOOO OOO OO 


e 3 


15,24 + 0,25 
(0.600 + 0.010) 
0,51 (0.020) 
MIN 
5,08 (0.200) MAX 
__ SEATING 


(0.011 + 0.003) (0.018 + 0.003) 
28 PLACES 28 PLACES PIN SPACING 2,54 (0.100) T.P. (0.060 + 0°020) 


B and C (See Notes B and C) See Note A 
(See Notes an ) ee Note n ( ) 1.40 ‘ 0,18 4 PLACES 


(0.055 + 0.0070) 


1,27 +0,51 


PLANE 3,17 (0.125) MIN 
90° 
0,28 +0,08—e\\e- 0,46 + 0,08_ ||, | 0,84 (0.033) MIN 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 


plane. 
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MECHANICAL DATA 


NT024 plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 
For the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing. 


31,8 (1.250) 
28,6 (1.125) 


DYA@QO@OQY”YOOOOO® 


2,4 (0.093) R NOM 


7,62 + 0,25 
‘ ‘ 0.110) NOM 
(0.300 + 0.010) te ' 


0380018) DOOOOOOOOO® 


MIN 


1,78 (0.070) 
se | 1,14 (0.045) nai Sbataaly 


rv 


5,08 (0.200) 
MAX 


—SEATING PLANE— 


Low (0.010) NOM 


ted dak 
1,14 (0.045) MIN 
24 PLACES 


il 


24 PLACES 0,36 (0.014) fa Eras 0,533 (0.021) 
a eas eer 4,06 (0.160) i 0,381 (0.015) 


6.26 10.010) 
(0.010) 397 (0.125) 24 PLACES 


24 PLACES 
2,16 (0.085) 
States lig 07710 008) PIN aa 2,54 (0.100) T.P. i oph'< ath 
and C) ,71 (0.028) _ and C) 
4 PLACES NSA) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 
seating plane. 
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MECHANICAL DATA 


PLDI BRE GRILLE OTL SES BR PRR SEE SETA on AES TDD ETS A ERR AMORA EAR is 28 SR Se NAS LOS TEES DAE ENE SE AGED MERE AE PLE SEES AER ED 
POO8 dual-in-line plastic package 


This package consists of a circuit mounted on an 8-pin lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (See Note A). Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Solder-plated leads require no additional cleaning or processing when used in soldered assembly. 


10,2 (0.400) MAX 


®@® © © 


INDEX DOT 


7,62 + 0,25 


g 
(0.300 + 0.010) G) @) @) @ 


nwo 1,78 (0.070) MAX 
ie 8 PLACES 


5,08 (0.200) 
MAX 


SEATING PLANE 0,84 (0.033) MIN 
GAUGE PLANE 
0,51 (0.020) 8 PLACES 
0,76 (0.030) MIN 
0,00 (0.000) 


117 (0. | is |. 9.487 + 0,076 

0,28 + 0,08 (0.018 + 0.003) 
(0.011 + 0.003) 2,54 (0.100) T.P. 8 PLACES 

8 PLACES 6 PLACES 


(See Notes B and C) (See Note A) 


105° 
90° 
8 PLACES 


(See Notes B and C) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


U010 ceramic flat package 


This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit bars are alloy mounted. 
Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used 
in soldered assembly. 


0,153 (0.006) 0,483 (0.019) G09 8 )7)) PIN SPACING 
a ee 0,076 (0.003) 0.381 (0.015) tales 1,27 (0.050) T.P. 
10 LEADS 10 LEADS | (See Note A) 


8,89 (0.350) 
5,08 (0.200) 


7,62 (0.300) 
, 6,35 (0.250 
25,4 (1.000) (See Note B) 597 a =o 


19,0 (0.750) 


ALTERNATE 
INDEX POINTS 


2,03 (0.080) 
1,27 (0.050) 


8,89 (0.350) 
5,08 (0.200) 


1,27 (0.050) Le— 


Pod dah i te 0,64 (0.025) 
0,13 (0.005) 


6,35 (0.250) 0,00 (0.000) 


OOOO® 


Fall Within JEDEC MO-OO4AE Dimensions 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
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MECHANICAL DATA 


W014 ceramic flat package 


This hermetically sealed flat package consists of an electrically nonconductive ceramic base and cap and 
a lead frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing 
when used in soldered assembly. 


OOOQOUO® 
ore (0.003) IM la-ot-1,27 (0.050) T¥P 


12 PLACES 
14 
LEADS (See Note A) 


8,00 (0.315) 
6,86 (0.270) 


BASE AND 
SEATING 0,483 (0.019) 
PLANE a 0,381 (0.015) 


14 LEADS 


7,0 (0.275) 
(See Note B) 
(See Note C) 


6,73 (0.265) 
5,97 (0.235) 


21,84 (0.860) 
21,34 (0.840) 


2,03 (0.080) 
1,27 (0.050) 


8,00 (0.315) 
6,86 (0.270) 


0,64 (0.025) 
* 0,25 (0.010) 
8,56 (0.337) 4 PLACES 


OOOOOOO@ 


Fall Within JEDEC MO-O04AA Dimensions 


1,02 (0,040) < 8,89 (0.350) 


0,51 (0.020) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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TI Sales Offices 


ALABAMA: Huntsville (205) 837-7530. 


ARIZONA: Phoenix (602) 995-1007; 
Tucson (602) 292-2640. 


CALIFORNIA: Irvine (714) 660-1200; 
Roseville (916) 786-9208; 

San Diego (619) 278-9601; 

Santa Clara (408) 980-9000; 
Torrance (213) 217-7010; 

Woodland Hills (818) 704-7759. 


COLORADO: Aurora (303) 368-8000. 
CONNECTICUT: Wallingford (203) 269-0074. 


FLORIDA: Altamonte on (305) 260-2116; 
Ft. Lauderdale (305) 973-85 
Tampa (813) 885-7411. 


GEORGIA: Norcross (404) 662-7900. 
ILLINOIS: Arlington Heights (312) 640-2925. 


INDIANA: Carmel (317) 573-6400; 
Ft. Wayne (219) 424-5174. 


IOWA: Cedar Rapids (319) 395-9550. 
KANSAS: Overland Park (913) 451-4511. 
MARYLAND: Columbia (301) 964-2003. 
MASSACHUSETTS: Waltham (617) 895-9100. 


MICHIGAN: Farmington Hills (313) 553-1569; 
Grand Rapids (616) 957-4200. 


MINNESOTA: Eden Prairie (612) 828-9300. 
MISSOURI: St. Louls (314) 569-7600. 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 


NEW YORK: East Syracuse (315) 463-9291; 
Melville (516) 454-6600; 

Pittsford (716) 385-6770; 

Poughkeepsie (914) 473-2900. 


NORTH CAROLINA: Charlotte (704) 527-0933; 
Raleigh (919) 876-2725. 


OHIO: Beachwood (216) 464-6100; 
Beaver Creek (513) 427-6200. 


OREGON: Beaverton (503) 643-6758. 
PENNSYLVANIA: Blue Bell (215) 825-9500. 
PUERTO RICO: Hato Rey (809) 753-8700. 
TENNESSEE: Johnson City (615) 461-2192. 


TEXAS: Austin (512) 250-7655; 
Houston (713) 778-6592; 
Richardson (214) 680-5082; 
San Antonlo (512) 496-1779. 


UTAH: Murray (801) 266-8972. 
WASHINGTON: Redmond (206) 881-3080. 
WISCONSIN: Brookfield (414) 782-2899. 


CANADA: Nepean, Ontarlo (613) 726-1970; 
Richmond Hill, Ontario (416) 884-9181; 
St. Laurent, Quebec (514) 336-1860. 


TI Regional 
Technology Centers 


CALIFORNIA: Irvine (714) 660-8105; 
Santa Clara (408) 748-2220; 


GEORGIA: Norcross (404) 662-7945. 
ILLINOIS Artington Heights (312) 640-2909. 
MASSACHUSETTS: Waltham (617) 895-9196. 
TEXAS: Richardson (214) 680-5066. 
CANADA: Nepean, Ontarlo (613) 726-1970. 


TI Distributors 


Ti AUTHORIZED DISTRIBUTORS 
Arrow/Klierulff Electronics Group 
Arrow (Canada) 

Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 

Marshall Industries 

Newark Electronics 

Schweber Electronics 

Time Electronics 

Wyle Laboratories 

Zeus Components 


— OBSOLETE PRODUCT ONLY— 
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(508) 462-9332 


ALABAMA: Arrow/Kierulff (205) 837-6955; 
Hall-Mark (205) 837-8700; Marshall (205) 881-9235; 
Schweber (205) 895-0480. 


ARIZONA: Arrow/Kierulff (602) 437-0750; 
Hall-Mark (602) 437-1200; Marshall (602) 496-0290; 
Schweber (602) 431-0030; Wyle (602) 866-2888. 


CALIFORNIA: Los Angeles/Orange County: 
Arrow/Kierulff (818) 701-7500, (714) 838-5422; 
Hall-Mark (818) 773-4500, (714) 669-4100; 
Marshall (818) 407-0101, (818) 459-5500, 
(714) 458-5395; Schweber (818) 880-9686; 
714) 863-0200, (213) 320-8090; Wyle (818) 880-9000, 
(1 4) 863-9953; Zeus (714) 921-9000; (818) 889-3838; 
acramento: Hall-Mark (916) 624-9781; 
Marshall (916) 635-9700; Schweber (916) 364-0222; 
Wyle (916) 638-5282; 
San Diego: Arrow/Kierulff (619) 565-4800; 
Hall-Mark (619) 268-1201; Marshall (619) 578-9600; 
Schweber (619) 450-0454; Wyle (619) 565-9171; 


San Francisco Bay Area: Arrow/Kierulff (408) 745-6600, 


Hall-Mark (408) 432-0900; Marshall (408) 942-4600; 
Schweber (408) 432-7171; Wyle (408) 727-2500; 
Zeus (408) 998-5121. 


COLORADO: Arrow/Kierulff (303) 790-4444; 
Hall-Mark (303) 790-1662; Marshall (303) 451-8383; 
Schweber (303) 799-0258; Wyle (303) 457-9953. 


CONNETICUT: Arrow/Kierulff (203) 265-7741; 
Hall-Mark (203) 271-2844; Marshall (203) 265-3822; 
Schweber (203) 264-4700. 


FLORIDA: Ft. Lauderdale: 


Arrow/Kierulff (305) 429-8200; Hall-Mark (305) 971-9280; 


Marshall (305) 977-4880; Schweber (305) 977-7511; 
Orlando: Arrow/Kierulff (407) 323-0252; 

Hall-Mark (407) 830-5855; Marshall (407) 767-8585; 
Schweber (407) 331-7555; Zeus (407) 365-3000; 
Tampa: Hall-Mark (813) 530-4543; 

Marshall (813) 576-1399; Schweber (813) 541-5100. 


GEORGIA: Arrow/Kierulff (404) 449-8252; 
Hall-Mark (404) 447-8000; Marshall (404) 923-5750; 
Schweber (404) 449-9170. 


ILLINOIS: Arrow/Kierulff (312) 250-0500; 
Hall-Mark (312) 860-3800; Marshall (312) 490-0155; 
Newark (312) 784-5100; Schweber (312) 364-3750. 


INDIANA: Indianapolis: Arrow/Kierulff (317) 243-9353; 
Hall-Mark (317) 872-8875; Marshall (317) 297-0483; 
Schweber (317) 843-1050. 


1OWA: Arrow/Kierulff (319) 395-7230; 
Schweber (319) 373-1417. 


KANSAS: Kansas City: Arrow/Kierulff (913) 541-9542; 


Hall-Mark (913) 888-4747; Marshall (913) 492-3121; 
Schweber (913) 492-2922. 
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MARYLAND: Arrow/Kierulff (301) 995-6002; 
Hall-Mark (301) 988-9800; Marshall (301) 235-9464; 
Schweber (301) 840-5900; Zeus (301) 997-1118. 


MASSACHUSETTS Arrow/Kierulff (508) 658-0900; 
Hall-Mark (508) 667-0902; Marshall (508) 658-0810; 
Schweber (617) 275-5100; Time (617) 532-6200; 
Wyle (617) 273-7300; Zeus (617) 863-8800. 


MICHIGAN: Detroit: Arrow/Kierulff (313) 462-2290; 
Hall-Mark (313) 462-1205; Marshall (313) 525-5850; 
Newark (313) 967-0600; Schweber (313) 525-8100; 
Grand Rapids: Arrow/Klierulff (616) 243-0912. 


MINNESOTA: Arrow/Kierulff ake 830-1800; 
Hall-Mark (612) 941-2600; Marshall (612) 559-2211; 
Schweber (612) 941-5280. 


MISSOURI: St. Louls: Arrow/Kierulff (314) 567-6888; 
Hall-Mark (314) 291-5350; Marshall (314) 291-4650; 
Schweber (314) 739-0526. 


NEW HAMPSHIRE: Arrow/Kierulff (603) 668-6968; 
Schweber (603) 625-2250. 


NEW JERSEY: Arrow/Kierulff (201) 538-0900, 
(609) 596-8000; GRS Electronics (609) 964-8560; 
Hall-Mark (201) 575-4415, (201) 882-9773, 

(609) 235-1900; Marshall (201) 882-0320, 

(609) 234-9190; Schweber (201) 227-7880. 


NEW MEXICO: Arrow/Kierulff (505) 243-4566. 


NEW YORK: Long Island: 

Arrow/Kierulff (516) 231-1009; Hall-Mark (516) 737-0600; 
Marshall (516) 273-2424; Schweber (516) 334-7474; 
Zeus (914) 937-7400; 

Rochester: Arrow/Kierulff (716) 427-0300; 

Hall-Mark (716) 425-3300; Marshall (716) 235-7620; 
Schweber (716) 424-222 2; 

Syracuse: Marshall (607) 798-1611. 


NORTH CAROLINA: Arrow/Kierulff (919) 876-3132, 
(919) 725-8711; Hall-Mark (919) 872-0712; 
Marshall (919) 878-9882; Schweber (919) 876-0000. 


OHIO: Cleveland: Arrow/Kierulff (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788; 
Schweber (216) 464-2970; 

Columbus: Hall-Mark (614) 888-3313; 

Dayton: Arrow/Kierulff (513) 435-5563; 

Marshall (513) 898-4480; Schweber (513) 439-1800. 


OKLAHOMA: Arrow/Kierulff (918) 252-7537; 
Schweber (918) 622-8003. 


OREGON: Arrow/Kierulff (503) 645-6456; 
Marshall (503) 644-5050; Wyle (503) 640-6000. 


PENNSYLVANIA: Arrow/Kierulff (412) 856-7000, 
(215) 928-1800; GRS Electronics (215) 922-7037; 
Marshall (412) 963-0441; Schweber (215) 441-0600, 
(412) 963-6804. 


TEXAS: Austin: Arrow/Kierulff (512) 835-4180; 
Hall-Mark (512) 258-8848; Marshall (512) 837-1991; 
Schweber (512) 339-0088; Wyle et a) 834-9957; 
Dallas: Arrow/Kierulff (21 4) 380-64 

Hall-Mark (214) 553-4300; Marshall ai 4) 233-5200; 
Schweber (214) 661-501 0; Wyle (214) 235-9953; 
Zeus (214) 783-7010; 

El Paso: Marshall (915) 593-0706; 

Houston: Arrow/Kierulff (713) 530-4700; 

Hall-Mark (713) 781-6100; Marshall (713) 895-9200; 
Schweber (713) 784-3600; Wyle (713) 879-9953. 


UTAH: Arrow/Kierulff (801) 973-6913; 
Hall-Mark (801) 972-1008; Marshall (801) 485-1551; 
Wyle (801) 974-9953. 


WASHINGTON: Arrow/Kierulff (206) 575-4420; 
Marshall (206) 486-5747; Wyle (206) 881-1150. 


WISCONSIN: Arrow/Kierulff (414) 792-0150; 
Hall-Mark (414) 797-7844; Marshall (414) 797-8400; 
Schweber (414) 784-9020. 


CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403) 438-2858; 
Montreal: Arrow Canada (514) 735-5511; 
Future (514) 694-7710; 

Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 

Quebec City: Arrow Canada (418) 871-7500; 
Toronto: Arrow Canada (416) 672-7769; 
Future (416) 638-4771; Marshall (416) 674-2161; 
Vancouver: Arrow Canada (604) 291-2986; 
Future (604) 294-1166. 


Customer 
Response Center 


TOLL FREE: (800) 232-3200 


OUTSIDE USA: (214) 995-6611 
(8:00 a.m. — 5:00 p.m. CST) 


TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
AZ 85021, (602) 995-1007; TUCSON: 818 W. Miracle 
Mile, Suite 43, Tucson, AZ 85705, (602) 292-2640. 


CALIFORNIA: Irvine: 17891 Cartwright Dr., irvine, CA 
92714, (714) 660-1200; Roseville: 1 Sierra Gate 
Plaza, Roseville, CA 95678, (916) 786-9208; 

San Diego: 4333 View Ridge Ave., Suite 100, 

San Diego, CA 92123, (619) 278-9601; 

Santa Clara: 5353 Betsy Ross Dr., Santa Clara, CA 
95054, (408) 980-9000; Torrance: 690 Knox St., 
Torrance, CA 90502, (213) 217-7010; 

Woodland Hills: 21220 Erwin St., Woodland Hills, 

CA 91367, (818) 704-7759. 


COLORADO: Aurora: 1400 S. Potomac Ave., 
Suite 101, Aurora, CO 80012, (303) 368-8000. 


CONNECTICUT: Wallingford: 9 Barnes Industrial Park 
Rd., Barnes Industrial Park, Wallingford, 
CT 06492, (203) 269-0074. 


FLORIDA: Altamonte Springs: 370 S. North Lake Bivd, 
Altamonte Springs, FL 32701, (305) 260-2116; 

Ft. Lauderdale: 2950 N.W. 62nd St., 

Ft. Lauderdale, FL 33309, (305) 973-8502; 

Tampa: 4803 George Rd., Suite 390, 

Tampa, FL 33634, (813) 885-7411. 


GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900 


ILLINOIS: Arlington Heights: 515 W. Algonquin, 
Arlington Heights, IL 60005, (312) 640-2925. 


INDIANA: Ft. Wayne: 2020 Inwood Dr., 
Ft. Wayne, IN 46815, (219) 424-5174; 


Carmel: 550 Congressional Dr., Carmel, IN 46032, 
(317) 573-6400. 


1OWA: Cedar Rapids: 373 Collins Rd. NE, Suite 201, 
Cedar Rapids, IA 52402, (319) 395-9550. 


KANSAS: Overland Park: 7300 College Bivd., Lighton 
Plaza, Overland Park, KS 66210, (913) 451-4511. 


MARYLAND: Columbia: 8815 Centre Park Dr., 
Columbia MD 21045, (301) 964-2003. 


MASSACHUSETTS: Waltham: 950 Winter St., 
Waltham, MA 02154, (617) 895-9100. 


MICHIGAN: Farmington Hillis: 33737 W. 12 Mile Rd., 
Farmington Hills, Ml 48018, (313) 553-1569. 

Grand : 3075 Orchard Vista Dr. S.E., 

Grand Rapids, MI 49506, (616) 957-4200. 


MINNESOTA: Eden Prairie: 11000 W. 78th St., 
Eden Prairie, MN 55344 (612) 828-9300. 


MISSOURI: St. Louis: 11816 Borman Drive, 
St. Louis, MO 63146, (314) 569-7600. 


NEW JERSEY: Iselin: 485E U.S. Route 1 South, 
Parkway Towers, Iselin, NJ 08830 (201) 750-1050. 


NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345-2555. 


NEW YORK: East Syracuse: 6365 Collamer Dr., 
East Syracuse, NY 13057, (315) 463-9291; 
Melville: 1895 Walt Whitman Rd., P.O. Box 2936, 
Melville, NY 11747, (516) 454-6600; 

Pittsford: 2851 Clover St., Pittsford, NY 14534, 
(716) 385-6770; 

Poughkeepsie: 385 South Rd., Poughkeepsie, 

NY 12601, (914) 473-2900. 


NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 

527-0933; R 
Raleigh, NC 27625, (919) 876-2725. 


OHIO: Beachwood: 23775 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464-6100; 
Beavercreek: 4200 Colonel Glenn Hwy., 
Beavercreek, OH 45431, (513) 427-6200. 


aleigh: 2809 Highwoods Bivd., Suite 100, 


OREGON: Beaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 


PENNSYLVANIA: Blue Bell: 670 Sentry Pkwy, 
Blue Bell, PA 19422, (215) 825-9500. 


PUERTO RICO: Hato Rey: Mercantil Plaza Bidg., 
Suite 505, Hato Rey, PR 00918, (809) 753-8700. 


TENNESSEE: Johnson City: Erwin Hwy, 
P.O. Drawer 1255, Johnson City, TN 37605 
(615) 461-2192. 


TEXAS: Austin: 12501 Research Bivd., Austin, TX 
78759, (512) 250-7655; Richardson: 1001 E. 
Campbell Rd., Richardson, TX 75081, 

(214) 680-5082; Houston: 9100 Southwest Frwy., 
Suite 250, Houston, TX 77074, (713) 778-6592; 
San Antonio: 1000 Central Parkway South, 

San Antonio, TX 78232, (512) 496-1779. 


UTAH: Murray: 5201 South Green St., Suite 200, 
Murray, UT 84123, (801) 266-8972. 


WASHINGTON: Redmond: 5010 148th NE, Bidg B, 
Suite 107, Redmond, WA 98052, (206) 881-3080. 


WISCONSIN: Brookfield: 450 N. Sunny Slope, Suite 
150, Brookfield, Wi 53005, (414) 782-2899. 


CANADA: Nepean: 301 Moodie Drive, Mallorn Center, 


Nepean, Ontario, Canada, K2H9C4, 

(613) 726-1970. Richmond Hill: 280 Centre St. E., 
Richmond Hill L4C1B1, Ontario, Canada 

(416) 884-9181; St. Laurent: Ville St. Laurent 
Quebec, 9460 Trans Canada Hwy., St. Laurent, 
Quebec, Canada H4S1R7, (514) 336-1860. 


ARGENTINA: Texas Instruments Argentina Viamonte 
1119, 1053 Capital Federal, Buenos Aires, Argentina, 
541/748-3699 


AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd., North Ryde 
(Sydney), New South Wales, Australia 2113, 

2 + 887-1122; 5th Floor, 418 St. Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255-2066. 


AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B/16, A-2345 Brunn/Gebirge, 
2236-846210. 


BELGIUM: Texas Instruments N.V. Belgium S.A.: 11, 


Avenue Jules Bondetiaan 11, 1140 Brussels, Belgium, 


(02) 242-3080. 


BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 


DENMARK: Texas Instruments A/S, Mairelundvej 46E, 
2730 Herlev, Denmark, 2 - 91 74 00. 


FINLAND: Texas Instruments Finland OY: 
Ahertajantie 3, P.O. Box 81, ESPOO, Finland, (90) 
0-461-422. 


FRANCE: Texas Instruments France: Paris Office, BP 
67 8-10 Avenue Morane-Sauinier, 78141 Velizy- 
Villacoublay cedex (1) 30 70 1003. 


GERMANY (Fed. Republic of Germany): Texas 
Instruments Deutschland GmbH: Haggertystrasse 1, 
8050 Freising, 8161 + 80-4591; Kurfuerstendamm 
195/196, 1000 Berlin 15, 30+ 882-7365; Ill, Hagen 
43/Kibbelstrasse, .19, 4300 Essen, 201-24250; 
Kirchhorsterstrasse 2, 3000 Hannover 51, 
511+648021; Maybachstrabe 11, 7302 Ostfildern 
2-Nelingen, 711 +34030. 
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HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Ctr., 7 Canton Rd., Kowloon, 
Hong Kong, (852) 3-7351223. ~ 


tRELAND: Texas Instruments (ireland) Limited: 
7/8 Harcourt Street, Stillorgan, County Dublin, Eire, 
1 781677. 


ITALY: Texas Instruments Italia S.p.A. Divisione 
Semiconduttori: Viale Europa, 40, 20093 Cologne 
Monzese (Milano), (02) 253001; Via Castello della 
Magliana, 38, 00148 Roma, (06) 5222651; 

Via Amendola, 17, 40100 Bologna, (051) 554004. 


JAPAN: Tokyo Marketing/Sales (Headquarters): 
Texas Instruments Japan Ltd., MS Shibaura Bidg., 9F, 
4-13-23 Shibaura, Minato-ku, Tokyo 108, Japan, 
03-769-8700. Texas Instruments Japan Ltd.: Nissho- 
Iwai Bldg. 5F, 30 Imabashi 3-chome, Higashi-ku, 
Osaka 541, Japan, 06-294-1881; Daini Toyota West 
Bidg. 7F, 10-27 Meieki 4-chome, Nakamura-ku, 
Nagoya 450, 052-583-8691; Daiichi Seimei Bldg. 6F, 
3-10 Oyama-cho, Kanazawa 920, Ishikawa-ken, 
0762-23-5471; Daiichi Olympic Tachikawa Bldg. 6F, 
1-25-12 Akebono-cho, Tachikawa 190, Tokyo, 
0425-27-6426; Matsumoto Showa Bidg. 6F, 2-11 
Fukashi 1-chome, Matsumoto 390, Nagano-ken, 
0263-33-1060; Yokohama Nishiguchi KN Bldg. 6F, 
2-8-4 Kita-Saiwai-cho, Nishi-ku, Yokohama 220, 
045-322-6741; Nihon Seimei Kyoto Yasaka Bldg. 5F, 
843-2 Higashi Shiokohjidori, Nishinotoh-in Higashi-iru, 
Shiokouji, Shimogyo-ku, Kyoto 600, 075-341-7713; 
2597-1, Aza Harudai, Oaza Yasaka, Kitsuki 873, Oita- 
ken, 09786-3-3211; Miho Plant, 2350 Kihara Miho- 
mura, Inashiki-gun 300-04, ibaragi-ken, 
0298-85-2541. 


KOREA: Texas Instruments Korea Ltd., 28th Fi., Trade 
Tower, #159, Samsung-Dong, Kangnam-ku, Seoul, 
Korea 2+ 551-2810. 


MEXICO: Texas Instruments de Mexico S.A.: Alfonso 
Reyes— 115, Col. Hipodromo Condesa, Mexico, D.F., 
Mexico 06120, 525/525-3860. 


MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bidg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 + 274681. 


NETHERLANDS: Texas Instruments Holland B.V., 
19 Hogehilweg, 1100 AZ Amsterdam— Zuidoost, 
Holland 20 + 5602911. 


NORWAY: Texas Instruments Norway A/S: PB106, 
Refstad 0585, Oslo 5, Norway, (2) 155090. 


PEOPLES REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office, 7-05 Citic 
Bidg., 19 Jianguomenwai Daijje, Beijing, China, (861) 
5002255, Ext. 3750. 


PHILIPPINES: Texas Instruments Asia Ltd.: 14th Floor, 
Ba- Lepanto Bidg., Paseo de Roxas, Makati, Metro 
Manila, Philippines, 817-60-31. 


PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico Uirich, 
2650 Moreira Da Maia, 4470 Maia, Portugal, 
2-948-1003. 


SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Singapore (PTE) Ltd., 
Asia Pacific Division, 101 Thompson Rd. #23-01, 
United Square, Singapore 1130, 350-8100. 


SPAIN: Texas Instruments Espana, S.A.: C/Jose 
Lazaro Galdiano No. 6, Madrid 28036, 1/458.14.58. 


SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): S-164-93, Stockholm, 
Sweden, 8 - 752-5800. 


SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland, 
1-740 2220. 


TAIWAN: Texas Instruments Supply Co., 9th Floor 
Bank Tower, 205 Tun Hwa N. Rd., Taipei, Taiwan, 
Republic of China, 2 + 713-9311. 


UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
270111. 
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